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IN THE DAIRY FIELD 


IODIN 
SANITIZERS 


OFFER 
ALL 


THESE 
ADVANTAGES 


A LONG RECORD OF DEPENDABILITY. lodine is recognized as a most effi- 
cient antiseptic and germicide. It is known to be effective against a wide 
range of organisms. 





EASY TO USE. lodine sanitizers are formulated especially for treatment 
of dairy utensils and equipment. Leading manufacturers offer iodine sani- 
tizers and detergent-sanitizers as liquids, powders or tablets. 


EFFECTIVE. lodine sanitizers are effective in low concentrations... eco- 
nomical, too. They can help you supply better milk. 


EASY TO TEST. The well-known iodine color is an indication of solution 
strength. When the color of an iodine sanitizing solution begins to disap- 
pear, that is a signal to replenish or replace the solution. Test kits are 
available. 


Write us for further information, and names of manufacturers offering iodine sanitizers 
in your area. No obligation, of course. 


CHILEAN IODINE EDUCATIONAL BUREAU, INC. 


Room 2156, 120 Broadway, New York 5, N. Y. 
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PEOPLE AND EVENTS 


News from Beatrice Foods Co. 


M. G. Preperson has been named assistant 
general manager of Price’s Creameries, El 
Paso, Tex. A graduate of Texas Technological 
College, Lubbock, Mr. Pederson received his 
M.S. degree at Kansas State College, Man- 
hattan. After several years on the faculty of 
Texas Tech, he joined Price’s Creameries as 
production manager in 1943, a position he held 
until his current promotion. 

G. Q. Cannon has been named assistant dis- 
trict manager for the Hawaiian District. Mr. 
Cannon attended the Univ. of Utah, Salt Lake, 
Brigham Young Univ., Provo, Utah, and the 
Harvard Graduate College of Advanced Man- 
agement. Prior to his latest appointment, he 
was manager of Dairymen’s Milk Division, a 
subsidiary of Beatrice Foods Co. 





T. D. SeLectrer has been promoted to man- 
ager of the Mundelein, IIl., branch of Beatrice 
Foods. A graduate of Purdue Univ., West 
Lafayette, Ind., Mr. Selecter has an M.S. de- 
gree in personnel management from Indiana 
Univ., Bloomington. He has been with the 
company since 1950, with the exception of four 
years when he was in the U. S. Air Force. 
Prior to his present appointment, he was sales 
manager of the Mundelein branch. 

Three technical people were among the 19 
Beatrice employees honored for long service 
at the company’s annual service award luncheon 
held recently in Chicago. They are EK. E. 
HASKELL, vice-president in charge of milk and 
ice cream procurement and butter manutfac- 
turing, W. A. KopKe, manager of the Chicago 
cold storage warehouse division, and C. E. 
NELLIS, manager of the wholesale department, 
each honored for 40 years of service; G. W. 
SHADWICK, general director of quality control 
and foreign service, honored for 30 years of 
service, and R. H. Bunpus, research chemist, 
honored for five years of service. 


Ohio News 


A “Chocolate Milk and Chocolate Drink 
Clinic” was the featured attraction at February 
meetings of the Ohio Dairy Technology Socie- 
ties—Maumee Valley, Northeastern Ohio, Cen- 
tral Ohio, and Cincinnati. R. A. Simonet, 
manager of field service, Robert A. Johnston 
Co., Milwaukee, Wis., was the principal speaker. 


A High School Student Recruitment Plan- 
ning Program was held on the Ohio State Univ. 
campus, Columbus, Feb. 3. This special meet- 
ing—a planning session for the Dairy Tech- 
nology Career Day to be held April 12—was 


attended by educational committee members of 
state groups, all donors of scholarships, and 
by high school recruitment teams. The meet- 
ing was held in conjunction with the Ohio 
Dairy Products Association annual convention. 
C. BrouGuTon, president of Broughton’s Farm 
Dairy, Ine., Marietta, and chairman of the state 
committee, presided. 


Three Ohio State dairy technology students 
have been awarded scholarships for the coming 
year. They are C. KNEpPER, a junior, recipient 
of the Annual Scholarship from Golden Guern- 
sey Inc., for outstanding scholarship and leader- 
ship; R. WALTERS, junior in dairy technology, 
recipient of the Ohio Dairy Booster Associ- 
ation award for outstanding leadership, and 
H. Swaiscoop, and G. JONES, co-recipients of 
the Rozert B. Srourz Award for superior per- 
formances as members of the senior class in 
dairy technology. 


The Seventh Annual Ohio Milk Sanitation 
and Public Health Short Course will be held 
March 17-21 on the Ohio State Univ. campus. 
H. 8. Apams, professor of hygiene and public 
health, Indiana Univ., Bloomington, will de- 
liver the keynote address. Other visiting speak- 
ers will inelude T. A. Barscue, Ohio Dept. of 
Health, Cincinnati; L. A. Buacx, Taft Sanitary 
Engineering Center, Cincinnati; L. C. BurKEy, 
Creamery Package Co., Toledo; C. M. Crossy, 
DeLaval Separator Co., Van Wert; R. B. 
DovuG.as, Beatrice Foods Co., New Bremen; 
L. C. Peckman, U. 8. Public Health Service, 
Chicago, Ill., and R. WaGNeEr, Northwestern 
Cooperative Sales Association, Inc., Toledo. 


A special committee of the Ohio Dairy Prod- 
ucts Association board members has been ap- 
pointed to confer with the Dept. of Dairy 
Technology for the purpose of studying pos- 
sible changes in the Ohio State Fair project 
and in the operations of the Dairy Products 
Building. 


NDC Names 1958 Board Members 


The National Dairy Council has announeed its 
new board of directors. The directors, all of 
whom were re-elected at the 43rd Annual Meet- 
ing in Dayton, O., Jan. 28, are G. S. BULKLEY, 
Carnation Co., Los Angeles, Calif., chairman; 
M. Hutt, National Dairy Couneil, Chicago, 
president; H. E. Harrrecper, Oak Farms 
Dairies, Dallas, Tex., first vice-president; J. A. 
Mossr, Louisville, Ky., second vice-president; 
W. P. Davis, New England Milk Producers As- 
sociation, Boston, Mass., secretary, and E. B. 
LeHRACK, The Creamery Package Co., Chicago, 
treasurer. 
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Animal Production Meeting in Belgium 


The annual meeting of the European Asso- 
ciation for Animal Production will be held in 
Brussels, Belgium, June 23-27, 1958. This year’s 
theme is “Productivity in Farm Animals.” 
According to J. L. Lusxu, Iowa State Col- 
lege, Ames, who attended last year’s meeting, 
A.D.S.A. members will be welcomed enthusi- 
astically. Further details about the program 
may be obtained from K. Katuay, Secretary 
General, Federation Europeene de Zootechnie, 
¢/o Food and Agricultural Organization, Rome, 
Italy. 


Kansas News 


Ff. W. Arkeson, head of the Dept. of Dairy 
Husbandry, Kansas State College, Manhattan, 
was honored Jan. 6 at the 13th Annual Kansas 
Formula Feed Conference. 

Dr. Atkeson was presented with a certifi- 
cate establishing the F. W. Atkeson Student 
Loan Fund. The presentation was made at the 
banquet; in appreciation for Dr. Atkeson’s 
outstanding services as chairman and “spark- 
plug” of the Annual Kansas Feed Conferences. 

More than $1,000 was contributed to the 
fund which will be used for loans to undergradu- 
ate and graduate students studying in the fields 
of dairy husbandry, poultry husbandry, animal 
husbandry, feed technology, and chemistry. 


2, el 








STANDARD METHODS’ 
MILK PLATING MEDIA 


for total counts 
BBL #298 Plate Count Agar 
(M-PH Medium) 


for coliform counts 
BBL #114 Desoxycholate 


Lactose Agar 


Folder #298 Sent on Request 


*10th ed. Standard Methods— 
Dairy Products 


BALTIMORE BIOLOGICAL 
LABORATORY, INC. 
A Division of Becton, Dickinson & Co. 
BALTIMORE 18, MD. 











The annual conference is sponsored by Kansas 
State College, the Kansas State Board of Agri- 
culture, the Kansas Grain and Feed Dealers 
Association, and the Midwest Feed Manufac- 
turers’ Association. 


Dairy Progress Days were held on the Kansas 
State campus Jan. 27-29. Many important 
topies were discussed by Kansas State College 
staff members and outside speakers at the three- 
day event. 

Visiting speakers were W. M. Roperts, head 
of Dairy Manufacturing, North Carolina State 
College, Raleigh; W. W. Swert, U. S. Dept. of 
Agriculture, Washington, D. C.; J. F. Cava- 
NAUGH, executive secretary of the American 
Jersey Cattle Club, Columbus, O., and §S. A. 
WirzeL, Dept. of Agricultural Enineering, 
Univ. of Wisconsin, Madison. 

Topies discussed included “Control of Milk 
Flavors on the Farm and in the Plant,” “The 
Story of the Udder,” “Some Dairy Problems of 
Today and in the Future,” and “New Ideas in 
Dairy Cattle Housing and Equipment.” 

The first two days of the program were de- 
voted to the annual meeting of the Kansas 
Interbreed Dairy Cattle Council and meetings 
of the various state breed associations. 


W. D. Rurz, associate professor of dairy 
manufacturing, Dept. of Dairy Husbandry, 
resigned Feb. 1 to accept a position as research 
laboratory manager with Fairmont Foods Co., 
Omaha, Neb. 

Dr. Rutz received his Ph.D. degree from the 
Univ. of Wisconsin, Madison, and had been on 
the Kansas State College staff since 1952. 


The newly formed Kansas Dairy Technology 
Society has announced its first slate of officers. 
They are B. Watson, Hyde Park Dairy, 
Wichita, president; G. D. Srerrans, Wichita, 
vice-president; C. Layton, State Board of Agri- 
culture, Topeka, treasurer, and T. J. CLAYDON, 
Kansas State College, secretary. The organi- 
zation was formed Jan. 6 at a meeting in 
Wichita. In addition to the above officers, ap- 
pointments were made to the organization and 
rules committee and the program committee. 


Milk Industry Foundation Film Catalogue 
Available 


The 1958 Catalogue of Dairy Films and 
Filmstrips is now available from the Milk In- 
dustry Foundation, Washington, D. C. 

Containing descriptions and technical details 
of 137 16-mm. films and 44 35-mm. filmstrips, 
the 32-page booklet was prepared by the Foun- 
dation both for public relations and for per- 
sonnel training purposes in the dairy industry. 

Films and filmstrips listed in the 1958 cata- 
logue relate to dairy farming; disease preven- 
tion and control; processing and distribution 
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Kimble Dairy Test Ware is made to make 
the most rigid tests of the industry. 


it's Kimble Dairy Test Ware 


...the standard for long, dependable service 


QOurtsranpinc accuracy and quality have 
established Kimble Dairy Test Ware as a 
recognized standard of the dairy industry. 
Careful tempering to equalize strains cre- 
ates glassware of maximum strength and 
longest life expectancy. 


Kimble Dairy Test Ware meets all federal 
and state requirements, passes the most rigid 
tests for accuracy and serviceability. 

Kimble Dairy Test Ware is distributed by 
leading dairy supply houses throughout the 
United States and Canada. 

















4 Kimble Glass Company, Subsidiary of Owens-Illinois, Toledo 1, Ohio 5 
| Send new 5th Edition of “A Manual for Dairy Testing.” 
| Name 
. Company | 
: Address 
| City Zone State | 
i et a es ee af 

KIMBLE DAIRY TEST WARE OweEns-ILuInoIs 


AN @ PRODUCT GENERAL OFFICES « TOLEDO 1, OHIO 
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Only Kraft 


Chocolate Flavored 


Powder gives 
you these quality 
controls! 


Finest ingredients. Only top-grade cocoa 
and sucrose are used in Kraft’s powder. 
We harvest our own Irish Moss, extract 
the stabilizer from it with our own care- 
ful process. Because all ingredients must 
meet our rigid specifications, you are 
assured uniformity of color, flavor and 
viscosity in the finished product. 


Tailor-made stabilizer. A special blend 
makes possible thorough suspension 
without unusual thickness. A greater 
safety range allows adjustments in 
sweetness and strength without upset- 
ting balance. You order the formula de- 
signed for your process. 


Small batch manufacturing and testing. 
No other manufacturer makes powder 
in such small batches. And a sample 
from every batch of Kraft’s powder is 
actually made into chocolate milk and 
thoroughly tested before the batch is 
shipped. 


Samples for classroom work made avatl- 
able to accredited dairy colleges. Just write 
your nearest Kraft division office. 





A DRINK SO GOOD, 
THEY'LL THINK YOU OWN A 
CHOCOLATE COW! 





Kraft Foods 


DIVISION OFFICES: NEW YORK; 


GARLAND, TEXAS; CHICAGO; SAN FRANCISCO 


| of milk; milk products; meal planning; nu- 


trition and health, and safety and sales. 

In addition to listing the source of each film 
and filmstrip, and its method of loan or pur- 
chase, the description of each film ineludes its 
central theme, running time, color, and sound 
availability. 

The newest film to be added to the catalogue 
is “The White Magie of Milk”—a new Milk 
Industry Foundation film that tells consumers 
how milk helps to balance the family food 
budget as it balances the family diet. 

Single copies of the film catalogue are free. 
Cost of the booklet in quantity is $10 per 100 
copies to MIF members; $13 per 100 to others. 


Louisiana State News 


The Louisiana Artificial Breeding Coopera- 
tive, Ine. held a meeting recently at the State 
University to report on the work accomplished 
during the year, to plan for an expanded pro- 
gram for 1958, and to meet with H. A. Herman, 
Executive Secretary of the National Associa- 
tion of Artificial Breeders, to make arrange- 
ments for the eleventh National Convention 


| to be held in New Orleans, Aug. 17-20. 


Three technicians were cited for outstanding 
work during the past year, W. D. WALKER of 
Franklinton leading, with 2,837 eows to his 
credit. For the greatest number of cows bred 
by one technician since the beginning of the 
Louisiana Cooperative in 1947, W. J. Fincu 
of Hammond received the 20,000-cow award. 
A goal of 48,000 cows to be bred by the eo- 
operative was set for 1958. 

Dr. Herman, as featured speaker of the meet- 
ing, told of the continual growth of the national 
program of artificial breeding, its advantages, 
what it takes to sell such a new practice, and 
why he prefers the American system in the 


| hands of breeders to that of foreign countries 
| under government control. 


At the Nationai Convention in New Orleans, 
southern hospitality and entertainment with an 
excursion trip on the Mississippi River will be 
provided for the visitors. 


Dates have been set for the following 1958 
events at L.S.U: 

March 3-8—L.8.U. Livestock Show. 

March 13-14—Dairy Manufacturing Short 
Course for qualitative control personnel, labo- 
ratory technicians, health department inspec- 
tors, and company field men. Sanitation auto- 
mation will be a special feature of the course. 

March 29—Area FFA Dairy Cattle Judging 
Contest. 

May 10—-State FFA Dairy Cattle Judging 
Contest. 

July 15—Technicians’ conference. 

July 18—Artificial Insemination Board Meet- 
ing. 

July 19—Sale of artificially bred heifers from 
known A.I. sires and grandsires. 
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Dr. L. L. Russorr was elected President of 
the L.S.U. Chapter of Sigma Xi. He is also 
director of the third annual Region Science 
Fair sponsored by the Louisiana Academy of 
Seiences and the State University, to be held 
at the University, March 21-23. 

Virginia News 

G. C. GraF and three dairy science students— 
S. Spaur, P. Kipps, and D. Sowp—ErR—appeared 
on the program of the Virginia Dairy Products 
Association annual convention to discuss 
“Training the Future Leaders of the Dairy 
Industry.” More than 450 people attended the 
two-day convention. 


State Dairyman’s Association 
held its annual convention Jan, 23-24. In ad- 
dition to the faeulty of Virginia Polytechnic 
Institute, more than 20 students attended various 
business sessions. 

At the Holstein-Friesian Banquet, Dr. Graf 
received the Progressive Breeders Award on 
behalf of V.P.I. in recognition for the outstand- 
ing records made by the V.P.I. Holstein herd 
in 1957. It was the twelfth Progressive Breed- 
ers Award received by the college and the most 
any Virginia Holstein breeder has ever received. 

Speakers for the event were G. M. Hovuss- 
HOLDER, National Holstein-Friesian Associa- 
tion, Brattleboro, Vt., and W. S. GrirritH, 
V.P.I. Dept. of Dairy Science. Mr. House- 
holder spoke on the topic, “A Cow-Man Looks 
at Type and Production,” and Dr. Griffith spoke 
on the topic, “Using Our Resources.” 


HERE’S THE © 
DAIRY-PROVED 


HEAT PARADE! 
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TUBULAR HEATERS 


The Virginia 








ZONE-CONTROL VATS 


W HEN YOU NEED pasteurizing, condensing or drying equipment, you 

naturally want the finest for your quality products. We couldn't say 

“Mojonnier” any better way. For each of the above units is an achievement of 

the most experienced kind of engineering and development. Each has its own 

specialized heating function. All have earned their top reputation on thousands 

of — dairy processing lines over many years. So when you choose Mojonnier 
. you get quality and performance you can trust. 





There is a Mojonnier heating or evaporation unit to answer your 
every processing problem. Write us now—no obligation, of course. 


MOJONNIER BROS. CO. 
4601 W. OHIO ST., CHICAGO 44, ILLINOIS 


Engineered Heating Equipment 


for flavor control, flexibility, operating economy 
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COMPANY 
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530 West Sixth St., Los Angeles 14, Calif 
20 N. Wacker Drive, Chicago 6, lilinois 
Cable Address: Keicoalgin—New York 
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.. INCREASES 
HEAT SHOCK TOLERANCE 


After ice cream leaves the plant, control of 
holding temperatures is largely lost. FRoDEx 
Corn Syrup Solids are a compensating 

factor, since they raise the freezing point and 
permit higher holding temperatures of ice 
creams, sherbets and novelties, thus increasing 
tolerance against heat shock. 


The pro-sugars in FRopEx improve flavor and 
promote smoother, better-tasting texture. 


In addition, there are definite economic 
advantages in the use of FropEx in modern 
ice cream manufacture. Write to our 
Technical Service Department for further 
details. Free samplés of FropEx 

are yours on request without obligation. 


AMERICAN MAIZE 


PRODUCTS COMPANY 


250 PARK AVENUE «+ NEW YORK 17.N.¥ 
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A Dairy Plant Management conference will 
be held March 18-19. Areas to be discussed 
include butterfat losses, unit costs in plant 
operation, cleaning and sanitizing agents, in- 
place cleaning, care and maintenance of stain- 
less steel, antibiotics in milk, control of off- 
flavors, removal of volatile flavors in milk, and 
the training and supervision of plant personnel. 


A second Dairy Science Day was held March 
3. Featured were a tour of the department’s 
facilities and the V.P.I. campus and a faculty- 
student program. 





Other conferences and training short courses 
scheduled for March are “Laboratory Tech- 
nicians Short Course,” “Artificial Insemination 
Technicians Training Course,” and “D.H.I.A. 
Supervisors Training Course.” 


News from Massachusetts 

A Bulk Tank Truck Drivers’ Workshop was 
held Dee. 3-12 on the Univ. of Massachusetts 
campus, Amherst, under the direction of the 
dairy technology staff. 

Twenty-five people from the dairy industry 
completed the workshop, which was held four 
evenings during the ten-day period. Similar 
courses were held both in the winter of 1956 
and in the spring of 1957. 


From the Secretary’s Desk 


It is a good idea to look at our growth and 
progress from time to time. Following are some 
statistics from the Secretary’s and from the 
Historian’s files: 


1937 1957 

Number of 

members 928 2,291 
Affiliate 

members 30 598 
Subscribers 855 1,622 
Total JouRNAL 

circulation 1,813 4,584 


Number of 


JOURNAL pages 1,158(’38) 1,700(approx.) 


Total 
receipts $12,484.29 $80,415.99 (’56) 
Expenses $10,149.56 $74,737.20(’56) 


This will give the membership some idea of 
the job of the Secretary-Treasurer in 1957 as 
compared to 1937, but I love it. Let’s keep 
growing! 

H. F. Jupkins 


| 





REDUCES 
BACTERIA 


‘TAMED IODINE''® 


IOSAN’ 
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1OSAN reduces bacteria counts to 
amazing lows. Removes and prevents 
milkstone buildup. Moreover, it sim- 
plifies sanitation. Replaces two or 
more products because it is both a 
powerful cleaner and sanitizer. 
1OSAN is the original ‘‘Tamed lodine” 
Detergent-Germicide. The U. S. Patent 
Number on its label is your protection 
against imitators. Available from your 
regular supplier or from Lazarus 
Laboratories inc., Division of West 
Chemical Products Inc., 42-16 West 
St., Long Island City 1, N. Y. 


Cheese Rennet and Color 


Annatto Butter Color 
Dandelion Butter Color 
Certified Butter Color 
Starter Distillate 

ice Cream Color 
Dri-Vac Lactic Culture 
Culture Flasks 

Culture Cabinets 
Testing Solutions 
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Write for Literature 


HIGH QUALITY SINCE 1878 


Cottage Cheese Coagulator 


Odorless Type Dairy Fly Spray 





CHR. HANSEN’S LABORATORY, INC 


MILWAUKEE 14, WISCONSIN 
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li Baba end the 40 Thieves 


The fabled Ali Baba never suspected that he was harboring 40 armed 
thieves under his roof. The fable states that Ali's watchful servant, 
Morgiana, discovered them lurking there and saved Ali and his 
valuables. 


There are 40 thieves lurking in every business operation today — 
awaiting every opportunity to rob it of profit. There are Wastes, 
Production Losses, Distribution Costs and a host of others — most 
of them well entrenched and not easily recognized. 


That's why every business needs a watchful servant like Morgiana 
—a faithful guardian of profit. In the Dairy Industry that has been 


the function of the Dairy Manufacture and Research Bureau for 
30 years 


The Bureau uses a sharp and practised eye for ferreting out of Milk 


and Ice Cream operations the 40-odd leaks that may be robbing them 
of hard-won profit. 





If you suspect you are paying tribute to some of these hidden thieves, 
why not join the Bureau now? Avail yourself of the Bureau's many 
services which will put your operation back on the road to full profit. 
For complete information, write 


The Dairy Manufacture and Research Bureau 


Division of G. P. Gundlach & Company 


P. O. BOX A, STATION N CINCINNATI 3, OHIO 














The Australian Journal Of Dairy Technology 


The Journal contains scientific and technical papers on all aspects of dairying, espe- 
cially dairy manufacture. It provides for those in other countries an up-to-the minute 
record of the latest developments in dairy technology in Australia and New Zealand. 
News, reports, editorials, book reviews and Society proceedings are included, and 
the Journal is illustrated. It appears quarterly. 


SOME ARTICLES PUBLISHED IN 1956-57 

"Chlorination of Wash Water in Relation to Butter Quality" by Dr. F. H. McDowall & A. K. R. 
McDowell 

"Some Economic Problems of the Dairy Industry in Australia” by Dr. T. H. Strong 

"Mechanization of Curd Fusion in Cheese Manufacture” by J. Czulak & L. A. Hammond 

"Some Aspects of the Market Cream Industry in Australia" by E. G. Pont 

"The Properties of Cryovac Packaged Cheddar Cheese” by T. A. Morris 

"The Status of Milk Flavour Problems in the United States’ by Dr. W. L. Dunkley 

Cbtainable through booksellers, or from the Australian Society of Dairy Technology, P. O. Box 20, 
Highett, Victoria, Australia. Price $3.50 per annum. 


SPECIAL OFFER. A certain number of complete sets of back numbers, comprising 12 


volumes and a decennial index, are available at a concession price 
of Stg. 10. 
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Why do more dairy farmers use... 
Rapid-Flo°’ Single Faced Filter Disks 
than any other brand ? 





Confidence in Johnson & Johnson’s contribution to the dairy industry is 
the answer. Profit minded dairymen know that Rapid-Flo Single Faced 
milk filters are 


> ENGINEERED for safe filtration 
}» ENGINEERED for Rapid-Flo Check-ups 


> ENGINEERED for quality milk production and higher profits. 


And only Rapid-Flo Single Gauze Faced Disks provide the extra benefit 
of a Rapid-Flo Check-up for mastitis and extraneous matter. 


When you recommend Rapid-Flo Single Faced Disks and the Rapid-Flo 
Check-up you are helping the producer see for himself how to improve 
milk quality and avoid loss. 


A national survey of more than 175,000 dairy 
There is farmers, by an independent research organiza- 
peo tion, showed that Rapid-Flo Fibre-Bonded 
penitie Filter Disks are used 4 to 1 over any other brand. 





4949 West 65th Street Chicago 38, Illinois 


FILTER PRODUCTS DIVISION 
Copyright, 1958, Johnson & Johnson, Chicago 
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GOOD RESULTS EVERY TIME 


Smooth, F lavorful 
Milk and Cheese Products 






+ 
FLAV-0-LAC 





F LA K E S Projects, Consultation, and Production 


Control Services in 





SHIPPED 








> 


Write for price schedule. 
WISCONSIN ALUMNI RESEARCH 


FOUNDATION 
P.O. Box 2217-X, Madison 1, Wisconsin 


For highest quality products —uni- 
form aroma, smoothness, flavor. 


One quart of culture produced on 





THROUGHOUT THE WORLD Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—Insecticide Testing and Screening. 








first propagation. 
Larger size “Famous 40” bottle 


directly propagates forty quarts of 
Starter. 


Send for new 
Culture Booklet, 





~ 
THE DAIRY LABORATORIES 


PHILADELPHIA 3, PA. 
Branches: New York Washington 





FOR TECHNICAL HELP... 


call the man from Cp lumenthl 


7 In addition to supplying you with high quality 
chocolate flavorings and coatings for your ice 
cream, The Man From Blumenthal will gladly: 





1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

3. Refer your problems to one of our consultants 
specializing in technical ice cream problems. 

4. Conduct research on new ideas suggested 
by you. 





BLUMENTHAL BROS. CHOCOLATE CoO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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~~ Here's the Best Clean- 
ing Method Yet Devised! 


KLENZADE 


PIPELINE and BULK TANK CLEANERS 
owt, PL-190 
40 ALKALINE CLEANER 


Ae. PL-3 
| We Ongante AAetd 


CLEANER 


First in the bulk tank and pipeline milker field, Kienzade 
now offers a still further improved Alternate Cleaning 
System with the remarkable new Klenzade PL-190 Chior- 
inated Alkaline Cleaner. For sparkling clean lines and 
tanks — free of milkstone, streaks, and film — stock ond 
recommended Klenzade PL-190 and PL-3 to your pro- 
ducers . . . high quality cleaners for low count milk. 


KLENZADE PRODUCTS, INC., BELOIT, WIS. 
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APPLICATION OF ELECTROPHORESIS ON PAPER TO THE 
ESTIMATION OF ALPHA-, BETA-, AND GAMMA-CASEIN 


H. F. MAC RAE anp B, E. BAKER 
Chemistry Department, McGill University, Macdonald College, Quebec, Canada 


SUMMARY 


Alpha-, beta-, and gamma-components of casein were separated by paper electro- 
phoresis, and the dyed proteins in paper were estimated by direct photometry. Correction 
factors were determined because the components did not bind dye in proportion to their 
concentration. Protein concentrations corrected for differences in dye-binding capacities 
agreed with results of pretein-nitrogen analyses, and casein composition was alpha-, 60%; 
beta-, 32%, and gamma-, $%. 





Mellander (11) showed, by means of free electrophoresis, that casein is com- 
posed of three electrophoretic fractions. He named these alpha-, beta-, and 
gamma-casein, in order of decreasing mobilities. Warner (15) used the same 
methods, but was unable to obtain unequivocal evidence of the presence of 
gamma-casein. He reported the relative amounts of the alpha- and beta-fractions 
as 80.7 and 19.3%, respectively. Hipp, Groves, Custer, and MeMeekin (7) iso- 
lated gamma-casein by isoelectric precipitation and the use of aleohol. Purity 
of the gamma-fraction was checked by electrophoresis. They reported the 
composition of unfractionated casein, determined by electrophoretic analysis, 
as 75% alpha-casein, 22% beta-casein, and 3% gamma-casein. Similar results 
have been obtained by Neilsen, Kucera, and Bird (12). 

Zweig and Block (16) applied electrophoresis in filter paper (zone electro- 
phoresis) to the separation of components of casein. Their method was essentially 
the same as that used by Durrum (3) for the separation of serum proteins. They 
found the relative mobilities of the same order of magnitude as those which were 
obtained by the Tiselius electrophoretic technique. They also stated that the 
gamma-fraction was present in unfractionated casein in concentrations too low 
for unequivocal detection by this method. 

A method based on filter paper electrophoresis was developed to determine 
quantitatively the components of the casein complex. 


MATERIALS AND METHODS 
Preparation of casein samples. Three samples of casein were prepared from 
a composite sample of milk (Macdonald College herd), according to the method 
of Warner (15), except for two modifications: First, only one precipitation was 
carried out, to avoid possible losses of gamma-casein, and, secondly, aleohol and 
ether were not employed as drying agents. The casein was freeze-dried after 
thorough washings with water (from 2 to 5° C.). The three samples (Casein 1, 
Casein 2, and Casein 3), prepared in this manner, were analyzed for total nitro- 
gen. The results obtained on a moisture-free basis were as follows: Casein 1— 
15.41% ; Casein 2—15.30%, and Casein 3—15.39%. 
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Azocarmine B. This was obtained from National Aniline Division, Allied 
Chemical and Dye Corporation, New York. Preparation of the dye solution and 
staining were performed as described by Harders and Van Muiken (6). 

Naphthalene Black 12B 200. This was obtained from Canadian Industries 
Ltd., Chemical Division, Montreal, P.Q., Canada. The commercial dyestuff was 
purified by the method of Kawerau (9). Preparation of the dye solution and 
staining were performed as described by Flynn and DeMayo (4). 

Electrophoretic method. The method was essentially that of Durrum (3), 
as modified by Flynn and DeMayo. (4). Strips of Whatman 3 MM. paper 
(8 X 16 in.) were dipped in veronal buffer (pH 8.6, ionic strength 0.05), so that 
the paper was saturated with the buffer solution. The wet paper was then placed 
in the appropriate position on a pebbled Plexiglass support (13), so that both 
ends of the paper sheet dipped into the buffer compartments to the same depth 
of buffer. Approximately 0.4 ml. of the casein solution (0.05 g. casein per ml. 
of veronal buffer) was applied at a distance of 4 in. from the cathode end. Po- 
tential was maintained at 200 volts, giving a current of from 0.5 to 0.7 ma. per 
inch-width of paper. Electrophoresis was continued for a period of 16 hr. The 
apparatus was kept in a constant-temperature room at from 5 to 7°C. At the 
end of the run, the paper was dried at room temperature, or at 110° C., for 30 
min., and before staining was cut into strips approximately 1 in. in width. The 
same results were obtained with both drying methods. 

Photometry. Stained strips were scanned on a Photovolt Densitometer Model 
525, using a 495-my filter with Azocarmine B and no filter with Naphthalene 
Black. Some workers (5,10) have assumed that the light absorption by dyed 
protein in filter paper obeys Beer’s Law. The validity of this assumption was 
tested experimentally by the method described by Crook, Harris, Hassan, and 
Warren (2), in connection with serum analysis. Calibration curves obtained with 
Azocarmine B and with Naphthalene Black are shown (Figures 1 and 2). Identi- 
eal calibration curves were obtained by dipping the strips in serial dilutions of 
the dye solution. This finding agrees with that of Crook, Harris, Hassan, and 
Warren (2). Figures 1 and 2 demonstrate that an appreciable deviation from 
Beer’s Law occurs even at quite low dye concentrations. Correction tables were 
prepared for both dyes, for readings which fell outside the linear range of the 
curves, and these corrected readings were employed in the determinations of the 
areas of the peaks. 

Several methods have been proposed to determine the dividing line between 
adjacent components. The oldest of these methods (14) involves simply drawing 
a perpendicular from the trough of the curves to the base line, and regarding the 
area enclosed between the adjacent pairs of perpendiculars as a measure of the 
amount of a particular fraction. This method was followed in the present work. 


RESULTS 


Determination of the electrophoretic components of casein by direct pho- 
tometry. Eight electrophoretic runs were performed on each of the three casein 
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Fig. 1. Calibration curve for Azocarmine B. Broken line represents extrapolation of rec- 
tilinear portion of curve. 

Fig. 2. Calibration curve for Naphthalene Black. Broken line represents extrapolation of 
rectilinear portion of curve. 


samples (Casein 1, Casein 2, and Casein 3). The sheets were dried at room 
temperature. Three strips were cut from each sheet and the resulting 24 strips 
were stained with Azocarmine B. Eight similar runs were carried out for each 
of the casein samples and the 24 strips were stained with Naphthalene Black. 
The strips were scanned on the densitometer, and electrophoretic diagrams were 
prepared by plotting optical density against the distance along the strip. Cor- 
rections were made for readings which fell outside the linear range of the cali- 
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Fig. 3. A typical electrophoretic diagram of casein: The vertical axis represents the 
optical density and the horizontal axis represents the distance along the strip. The broken line 
represents values corrected for deviation from rectilinearity. 
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bration curves. A typical diagram is shown (Figure 3). The areas under each 
peak are reported as a percentage of the total area. The results of eight electro- 
phoretie runs on each of the three casein samples, and for each of the two dyes, 
are presented (Table 1). The values for each fraction represent the average of 
24 determinations (three strips cut from each of eight electropherograms). 

Determination of the electrophoretic components of casein by nitrogen. The 
electrophoretic components of casein have been shown to contain approximately 
the same percentage of nitrogen (7); hence, it is possible to estimate the casein 
components separated on paper by estimation of total nitrogen. 

Three electrophoretic runs were carried out on each of the three casein 
samples. The casein solutions (5% ) were applied to the paper so that each half 
of the 8-in. sheet contained 10 mg. of protein. After the run, the paper sheets 
were dried at room temperature and cut in half. One half was cut into strips and 
stained in the usual way, to determine the position of the separated components 
on the paper; the remaining half was used for the nitrogen determinations. 
Boundaries of the fractions, as defined by the mid-line of the trough between the 
peaks of the fractions, were marked by a pencil-line. The width of each band was 
measured, in order that an appropriate blank nitrogen value could be calculated. 
Excess buffer was removed from the paper by three ten-minute washings in 
methanol. These washings reduced the blank value to that given by untreated 
filter paper. The bands were cut out as whole sections and total nitrogen was 
estimated on each fraction by a micro-Kjeldahl method (1). Two filter paper 
strips, 1 in. in width, were cut from each paper (8 X 16 in.) outside the protein 
bands, and were digested and the nitrogen determined in the usual way. An 
average blank per inch-width of paper was calculated from the results. Results 
of the nitrogen analyses on the samples of casein are given (Table 2). Each re- 
sult represents the average of three determinations. 

Correlation of the quantitative results obtained by direct photometry on 
stained paper with those obtained by total nitrogen analysis. The alpha-, beta-, 
and gamma-fractions of the casein complex were prepared from a sample of 
easein (15) by the methods of Warner (15) and of Hipp, Groves, Custer, and 
MeMeekin (8). A 1% solution of each of the casein fractions, prepared by dis- 














TABLE 2 
Results for nitrogen determination on the electrophoretic components of casein 
Casein 1 Casein 2 Casein 3 
1.41 mg.N applied, 1.48 mg. N applied, 1.45 mg. N applied, 
90% reeovered 94% recovered 101.3% recovered 
Recovered Reeovered Recovered 
Casein Nitrogen total Nitrogen total Nitrogen total 
fraction . recovered nitrogen recovered nitrogen recovered nitrogen 
(mg.) (%) (mg.) (%o) (mg.) (Fo) 
Alpha 0.79 61.7 0.80 56.4 0.85 57.8 
Beta 0.41 32.0 0.48 33.8 0.45 30.6 
Gamma 0.06 4.7 0.08 5.6 0.12 8.2 


Line of 
application 0.02 1.6 0.06 4.2 0.05 3.4 
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solving the proteins in veronal buffer (pH 8.6, ionic strength 0.05), was applied 
in equal amounts to strips of filter paper, and electropherograms were prepared 
by the procedure outlined above. The papers were stained (Azocarmine B) and 
were scanned on the densitometer. Electrophoretic diagrams typical of those 
which were obtained are shown (Figure 4). The relative heights of the peaks 











Fig. 4. Electrophoretic diagrams of casein components: A, alpha-casein; B, beta-casein, 


C, gamma-casein. The vertical axis represents the optical density and the horizontal axis repre- 
sents the distance along the strip. 


indicate that the casein fractions had different dye-binding capacities. The ratio 
of the amount of dye bound by the beta-component to that bound by the alpha- 
component, as determined by the area of the peaks, and calculated from average 
results from three electropherograms, was 0.63. Similarly, the ratio of the amount 
of dye bound by the beta-component to that bound by the gamma-component 
was 2.4. The whole experiment was repeated, using a 2% solution of the casein 
fraction, and identical factors were obtained. These factors (0.63 and 2.4) were 
used to correct the results given (Table 1) for the differences in dye-binding 
capacities of the three casein components. Calculations were based on the aver- 
age of the results (Casein 1, Casein 2, and Casein 3) obtained with Azocarmine B. 
Results of these caleulations are shown (Table 3). 


DISCUSSION 


From the foregoing results, it is evident that the alpha-, beta-, and gamma- 
fractions may be separated from casein by zone electrophoresis. The two dyes, 
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TABLE 3 
Results corrected for differences in dye-binding capacities of the 
three casein components 


Corrected area Per cent of total 








Per cent of Area corrected expressedasper mobile fraction 

Casein Per cent of total mobile for difference cent of total based on Kjeldahl 
fraction total area* fraetion” in dye-binding mobile fraction nitrogen 
Alpha 71.4 72.8 45.9 59.3 60.5 
Beta 23.7 24.1 24.1 31.1 33.2 
Gamma 3.0 3.1 7.4 9.6 6.3 
Line of 

application 1.9 — — — “= 








“ Average of results obtained with Azoecarmine B (Table 1). 

>The mobile fraction refers to the alpha-, beta-, and gamma-components. 
Azocarmine B and Naphthalene Black 12B 200, enable the fractions to be detected 
qualitatively. Whenever electropherograms of the three different samples of 
casein were stained by the two dyes, it was found that the densitometric plots 
agreed as between the two dyes. 

When the percentage distribution of the three fractions was measured on the 
basis of Kjeldahl nitrogen determinations, the values differed considerably from 
those based on the densitometric plots of staining, even when appropriate cor- 
rections were applied for departures from Beer’s Law. However, when further 
corrections for the different dye-binding capacities of the different fractions were 
introduced, the corrected results for distribution based on staining agreed reason- 
ably well with the distribution based on determination of Kjeldahl nitrogen. It 
is realized, of course, that replication of this agreement would call for checking 
of staining technique and densitometry against Kjeldahl nitrogen in each labo- 
ratory. We suspect, nevertheless, that the value of zone electrophoresis as a 
quantitative method for studying casein fractions may be considerable. Differ- 
ences in the percentage distributions as between the three casein samples for 
staining density followed trends similar to those observed for Kjeldahl nitrogen. 
This is the more remarkable, in view of the relatively small range of variation 
for a given fraction. 

Finally, the corrected densitometric distributions and the Kjeldah] nitrogen 
distributions now reported display a measure of agreement with the values re- 
corded in the literature for distribution, based on the classical Tiselius method. 
Admittedly, the significance of correlations between the results of zone eleetro- 
phoresis is still controversial. Nevertheless, the present results suggest that both 
methods isolate similar fractions of casein quantitatively as well as qualitatively. 


SUMMARY 


1. Alpha-, beta-, and gamma-components of the casein complex have been 
separated by electrophoresis on filter paper. Estimation of the separated protein 
fractions has been accomplished by direet photometry of the dyed proteins in 
filter paper. 

2. Dye-binding capacities of alpha-, beta-, and gamma-casein, prepared by a 
chemical method, have been measured experimentally. With the staining pro- 
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cedure used, the components did not bind the dye in proportion to the amount 
of protein present. Correction factors based on the differences in dye-binding 
capacities of the protein fractions have been determined. 

3. The photometric results, corrected for deviation from Beer’s Law and for 
differences in dye-binding capacities, have been shown to agree with the results 
obtained by protein nitrogen analyses. The percentage composition of the casein 
components analyzed in this manner was of the following order: alpha-, 60% ; 
beta-, 32%, and gamma-, 9%. 
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CLOTTING OF CASEIN WITH PEPSIN : AMOUNT AND 
NATURE OF THE SOLUBLE PRODUCTS 


C. A. ZITTLE anv J. CERBULIS 


Eastern Regional Research Laboratory, 
Philadelphia, Pennsylwania 


SUMMARY 


The amounts of soluble products resulting from the action of pepsin on whole casein 
at pH 6.5 have been determined by precipitating the solutions with CaCl, (clot for- 
mation), and with 12% trichloracetic acid, and by adjusting the pH to 4.7 with HCl. 
a- and §-Caseins were studied in the same manner; with the latter, however, no clot was 
obtained. In general, 2 to 5% of the whole casein and a-casein N became soluble by 
the action of pepsin, with the lower values obtained with trichloracetic acid as the 
precipitant. Parallel increases in soluble P were obtained. Both paper and column 
chromatography showed that the soluble fractions contained a number of components, 
none of which were free amino acids or orthophosphate. Increases in the soluble 
fraction of B-casein indicated that considerable proteolysis had occurred. Most of 
the soluble fractions did not pass through a cellophane membrane. 





When rennin acts on casein under suitable conditions to give a clot with 
calcium ions, about 4% of the casein is no longer precipitated at the isoelectric 
point or with trichloracetic acid (1). The nature of this soluble fraction is 
important for an understanding of the clotting reaction (2). To initiate the 
present study of the clotting of casein, the same precipitating conditions (iso- 
electric, trichloracetic acid) have been studied, with pepsin as the clotting 
agent. {Rennin and pepsin are similar in their clotting action and NPN release, 
although this is not true for all proteolytic enzymes (11)|. The amount of 
nitrogen remaining in solution when the calcium clot is removed has also been 
determined. In addition, the amount of casein phosphorus remaining in solu- 
tion with the three precipitating conditions has been measured. These methods 
have been applied to whole casein, and to a- and £-casein. The soluble fractions 
have also been subjected to dialysis and chromatography to determine their 
nature. 

MATERIALS AND METHODS 

Casein. The whole casein was precipitated from skimmilk by acidification 
to pH 4.5 with N HCl. The precipitate was washed four times with water and 
twice dissolved and reprecipitated with acid (6). The casein was finally dried 
with absolute ethanol and ether. 

a-Casein and B-casein. These caseins were prepared from whole casein by 
the urea fractionation procedure (7). All of the caseins were stored in a desic- 
cator at a relative humidity that maintained the moisture content at 10.0%. 
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The concentrations given are for moisture-free products. The solutions were 
prepared by dissolving the isoelectric caseins with the addition of sodium 
hydroxide. 

Paracasein. The casein was clotted with pepsin, as deseribed below. A 
suspension of the clot was adjusted to pH 4.7 and washed to reduce the calcium 
concentration. It was dissolved at about pH 7 and reprecipitated several times 
at pH 4.7. The paracasein was finally dried with absolute ethanol and ether. 

Pepsin. The pepsin was a crystalline product obtained commercially (Ar- 
mour).? It was dissolved in a small amount of water for use. 

Analytical methods. The nitrogen was determined by the Nessler method 
after digestion with sulfuric acid. Phosphorus was estimated with the ammo- 
nium molybdate reagent after reduction with ferrous sulfate, on samples that 
had been digested with sulfuric acid and hydrogen peroxide. 

Chromatography. For paper chromatography, the solvent systems most fre- 
quently used were n-butanol: water:acetic acid (4:1:5), benzene: water: propionic 
acid (25:25:62), n-butanol:acetic acid: water:pyridine (30:6:24:20), and water- 
saturated phenol. These were the most satisfactory. Numerous others were tried 
with little suecess. Both ascending and descending one-dimensional paper chro- 
matography was used. For column chromatography the resin Amberlite IR- 
120(H-+) was used. Successive fractions were eluted as described later. 

Color tests. Peptides were spotted on the papers with the ninhydrin reagent. 
For inorganic phosphate, the ammonium molybdate reagent was used with 
reduction by stannous chloride (10). For organic phosphate, the same test was 
used but the ammonium molybdate reagent contained perchloric acid to release 
inorganic phosphate (3). In a few instances, spots were obtained with this 
reagent where there was no corresponding ninhydrin reaction, suggesting that 
cyclic phosphate-containing peptides might be present, or perhaps carbohydrate- 
phosphate compounds. 

Concentration of solutions. The solutions were concentrated by a rapid, 
large-surface technique (4) at from 30 to 35° C. 

Dialysis. The solutions were dialyzed for 72 hr. at 7° C. in a cellophane 
sac against four volumes of water. The water was changed every 24 hr. 

Action of pepsin on casein; methods of precipitation. The formation of 
soluble products by the action of pepsin on casein was measured after precipi- 
tation of the casein in three different ways: (a) Precipitation of the isoelectric 
point by adjustment of the pH to 4.7 with 0.1 N HCl. (b) Precipitation by 
addition of concentrated trichloracetic acid (TCA) to a concentration of 12%. 
[These procedures have been described by Alais et al. (1).] (c) Precipitation 
by clot formation with calcium chloride present (15 mM per liter). Unfor- 
tunately, with this procedure the soluble portion before pepsin treatment can 
not be determined directly as a control. To provide an indirect control, the 
soluble fraction was adjusted to pH 4.7 to precipitate any paracasein, and also 


“Mention of commercial products in this article does not constitute a recommendation 
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the solubility of a purified paracasein under the clotting conditions was deter- 
mined. With the concentration of whole casein used (2%), the calcium ion 
clots obtained with 15 mM of CaCle per liter were flocculent. When the solu- 
tions also contained 5 mM of phosphate per liter, good clots were obtained, 
typical of those obtained with skimmilk. The gel-like clot given by phosphate, 
originally deseribed by Hammarsten (5), is also obtained with a-casein. 


The pepsin was permitted to act on 2% whole casein at pH 6.5 and 30° C. 
In experiments with a- and £-casein, the concentrations were 1%. Pepsin was 
added to whole casein in a ratio of 1:2,000 and to a- and £-casein in a ratio of 
1:1,000. Calcium ion, when present, was obtained by the addition of 15 mM 
of CaCle per liter. The reactions were stopped at the end of 5 min., except in 
the time-course experiments, by the addition of TCA or by heating the mixture 
for 15 min. at 100° C. The mixtures were then cooled at 25° C. and the preeipi- 
tations completed. The solutions were clarified by centrifuging, and subsequent 
determinations (N and P analysis, ete.) were performed on this soluble fraction. 
For chromatography, the solutions were concentrated by the method mentioned 
earlier. 


RESULTS 


In preliminary experiments, the time required for maximum formation of 
the specific soluble fraction by the action of pepsin on casein was found to be 
about 5 min. for the conditions employed. In confirmation of the findings of 
Alais et al. (1), when 12% TCA was the precipitant, slightly over 2% of the 
casein N became soluble in 5 min. (as shown in Table 1). There was no sig- 
nificant increase when the time was extended to 30 min. Alais et al. have shown 
(1), with the use of 2% TCA as the precipitant, that a nonspecific hydrolysis 
occurs, as well, which continues to increase beyond 5 min. 


In Table 1 are shown also the amounts of soluble fraction obtained with 
precipitation at the isoelectric point of pH 4.7, and with CaCl» alone as the 
precipitating agent without changing the pH (6.5). For the latter, the solubility 
without pepsin can not be obtained directly, but adjustment of the soluble 
fraction to pH 4.7 shows that very little is precipitated which might be casein. 
An estimate of the inherent solubility of paracasein was made with purified 
paracasein precipitated under the same conditions (CaClo, pH 6.5) (Table 1). 
Apparently, only about one-quarter of the soluble fraction can be paracasein. 
After correcting for this amount, it is found that when CaCls alone is the 
precipitant, about 5% of the total N is made soluble by the action of pepsin. 
With the other precipitating conditions, the soluble fraction arising from the 
action of pepsin is obtained by subtracting the no pepsin value from the 
pepsin value. With precipitation at pH 4.7, the soluble fraction is 2.5%; with 
12% TCA, only 1.7%. In general, parallel amounts of soluble P are obtained. 
With a-casein the respective amounts of soluble N are 3.5, 6.0, and 1.7%. 
8-Casein gave no clot with pepsin, but considerable proteolysis was evident 
from the 20% soluble at pH 4.7, and 3.2% soluble in 12% TCA. 





TABLE 1 





Increase in the soluble fraction (N and P) of whole casein, and a- and 8-casein after treatment 
with pepsin at pH 6.5, determined with three precipitating conditions* 
































Soluble fraction Dialyzable 
Ss Worst — (casein = 100), % (soluble = 100), % 
Precipitating Casein — — — 
conditions preparation Treatment Nitrogen Phosphorus Nitrogen Phosphorus 

Precipitated 12% 

TCA, CaCh present Whole Pepsin 2.2 4.1 
Precipitated 12% 

TCA, CaCh present Whole No pepsin 0.54 0.98 
Precipitated 12% 

TCA, no CaCl Whole No pepsin 0.23 0.98 
Precipitated pH 4.7, 

no CaCl, Whole Pepsin 3.2 311 25.9 38.3 
Precipitated pH 4.7, 

no CaCl, Whole No pepsin 0.72 1.55 17.2 17.9 
Precipitated pH 4.7, 

CaCl present Whole No pepsin 1.63 2.3 9.5 16.4 
CaCh, centrifuged 

pH 6.5 Whole Pepsin 6.5 8.0 8.0 13.0 
Soluble above, not 

precipitated pH 4.7 Whole Pepsin 5.8 5.7 5.4 11.6 
CaCh, centrifuged 

pH 6.5 Paracasein BF 2:1 
Precipitated 12% 

TCA, no CaCh a-Casein Pepsin 3.7 5.9 
Precipitated 12% 

TCA, no CaCh a-Casein No pepsin 2.0 1.5 
Precipitated ph 4.7, 

CaCl, present a-Casein Pepsin 3.8 5.6 
Precipitated pH 4.7, 

no CaCl a-Casein Pepsin acm 8.2 
Precipitated pH 4.7, 

no CaCl, a-Casein No pepsin 0.8 +] 
CaCh, centrifuged 

pH 6.5 a-Casein Pepsin 3.8 5.6 
Soluble above, not 

precipitated pH 4.7. a-Casein Pepsin 3.5 5.2 17.6 34.9 
Precipitated 12% 

TCA, no CaCl, 8-Case2in Pepsin 4.0 5.5 
Precipitated 12% 

TCA, no CaCh 8-Casein No pepsin 0.8 1.57 
Precipitated pH 4.7, 

no CaCl, 8-Casein Pepsin 21.6 8.75 
Precipitated pH 4.7, 

no CaCl, 8-Casein No pepsin 1.28 1.46 
Precipitated pH 4.7, 

CaCl, present 8-Casein Pepsin 11.6 12.7 27.8 11.9 


®* The amount of each fraction dialyzing through a cellophane 


membrane is also shown. 
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Several of the soluble fractions were subjected to dialysis. The results 
(Table 1) show that most of the soluble fraction remained within the dialysis 
sac. This was the case even when the dialysis was carried on for several days. 

The soluble fraction from a calcium chloride clot was concentrated and 
subjected to paper chromatography. By testing with several solvent systems, 
the fraction was found to be quite complex, consisting of at least ten com- 
ponents. The relative amounts of these components were not determined. None 
of the components were free amino acids or free phosphoric acid, judged by 
Ry values and specific color tests. Further, the fraction exhibited poor chro- 
matographic behavior; some of the material remained at the starting point and 
strong tailing occurred, suggesting that some of the components were of rather 
high molecular weight. 

A similar soluble fraction (96 mg. of N, 6.4 mg. of P) was separated into 
acidic, basic, and neutral fractions by chromatography on a 1 by 20 in. column 
of Amberlite IR-120(H+). The acidic fraction (17% of initial N and P) 
was in the filtrate and this was increased by about 20% by elution with 0.01 NV 
HCl, the neutral fraction (52% of N, 38% of P) was eluted with 1 N NH,OH, 
and the basic fraction (6% of N, 2.5% of P) with 1 N NaOH. Additional N 
and P were obtained in a P-rich compound (1.2% of initial N, 20% of P) 
which erystallized in the resin. The acidic fraction was hydrolyzed with hydro- 
chloric acid. Paper chromatography of the hydrolyzed acidic fraction showed 
that there were 15 or more amino acids present, providing additional evidence 
that these components were of relatively high molecular weight. 


DISCUSSION 

Study of the action of pepsin on casein under the conditions required to 
give a clot with calcium chloride shows that 1.7% became soluble in 12% TCA, 
and 2.5% no longer precipitated at pH 4.7. In the case of a-casein, the respec- 
tive values were 1.7 and 6.3%. These values are of the same magnitude as 
values reported by Nitschmann and coworkers for the action of pepsin (11) 
and rennin (1) on whole casein and a-casein (13). These workers also observed 
that the minimum amount of soluble fraction was obtained with 12% TCA. 
The present studies have, in addition, shown that the decrease in solubility on 
formation of paracasein is such that CaCle precipitation at pH 6.5 is feasible 
for removing the paracasein. The portion remaining in solution for whole 
casein and a-casein is 5.0 and 3.5%, respectively, about the same as that remain- 
ing in solution at the isoelectric point, pH 4.7. 

The release of P during the clotting of casein has not hitherto been stud- 
ied systematically, but the present studies show that the solubilization of P 
parallels that of N. None of it is inorganic, judged by spot test. This parallel 
release of N and P is surprising, in view of the probably uneven distribution of 
phosphate-binding sites in the casein. The parallel in these values does not 
necessarily mean that a portion of the casein is completely hydrolyzed, but may 
be entirely coincidental. Since the present studies were completed, Nitschmann 
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et al. (14) have reported that clotting of casein leads to the appearance of an 
unusual protein-polysaccharide component in the soluble fraction. This compo- 
nent contains 11.4% N and 0.57% P, or a molar ratio of 44, very close to the 
value of 41 for whole casein. 

Although, in general, soluble N and P values were in parallel, when TCA 
was the precipitant the apparent solubility of P exceeded that of N. Lability 
of phosphate ester bonds to TCA was considered a possibility. However, in 
experiments entailing more prolonged exposure to TCA there was no increase 
in the soluble P. The inclusion of calcium chloride in experiments comparing 
the different precipitating conditions (Table 1) led to variable results; in some 
instances the soluble fraction was increased, in others decreased. A study of 
the action of rennin on casein (8) indicated that the soluble fraction was 34 to 
120% greater for 16 than for 12 mM of CaCle per liter. 

Study of the soluble fraction by chromatography showed that it consists of 
ten or more components. A high molecular weight for some of the fractions 
is suggested by retention within a cellophane dialysis sac, and also by the pres- 
ence of many amino acids in these components, suggesting that a fairly large 
polypeptide must be represented. Polymerization of small peptides into larger 
peptides during manipulation (plastein formation) is a possibility, but the 
presence of the large number of amino acids indicates that if this did oceur, 
the resulting polymer could not have arisen from a single peptide. Results 
as a whole suggest that the soluble fraction arises from the rapid hydrolysis 
by pepsin or rennin of a number of susceptible bonds, giving rise to a number 
of relatively large peptides. The specificity of pepsin (15) suggests that the 
split will occur adjacent to phenylalanine or tyrosine. Wissmann and Nitsch- 
mann have observed (17) that phenylalanine appears as a new terminal group 
during the action of rennin on a-casein. 

Alais et al. (1) had previously concluded that the NPN fraction arising 
from the action of rennin consisted of more than one peptide. By varying the 
TCA concentration, a fractional precipitation is achieved (12% TCA—1.5 to 
2% NPN; 2% TCA—4% NPN). By means of chromatography and electro- 
phoresis on paper, the fraction soluble in 12% TCA appeared to be principally 
a single substance, whereas the 2% TCA soluble portion contained several 
components (1). Keller (9) observed about eight peptides on chromatography 
of the fraction soluble at pH 4.7, obtained by the action of rennin on whole 
casein and a-casein. Much of this fraction, too, remained at the starting point. 


The proteolysis of B-casein observed in the present study is considerably 
greater than the approximate 0.5% in a period of 5 min. observed by Nitsch- 
mann and Keller (13) with 12% TCA as the precipitant. In the same time, 
the specific proteolysis of a-casein attained 1.6% (13). The casein preparations, 
however, show variability; in this same study, for example, Nitschmann and 
Keller had one sample of a-casein become soluble to the extent of 3%. This vari- 
ability might account for the divergent results with B-casein. Because of the 
nonspecific hydrolysis of 8-casein, there would appear to be advantages in using 
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a-casein rather than whole casein in studying the clotting reaction, for fewer 
components would be expected in the soluble fraction than in whole casein. 
Further, with minimum clotting time these components would represent prin- 
cipally those arising from the specific split leading to clotting. 

The protein-polysaccharide compound reported (14) to be released by the clot- 
ting of casein is nondialyzable, with a molecular weight of from 6,000 to 8,000. 
It is strongly hydrophilic, containing not only 40% of polysaccharide but large 
amounts of serine and threonine. It is this hydrophilic property which is ecn- 
sidered to bestow on natural casein its solubility in the presence of calcium ions. 

The recent studies of Waugh and von Hippel (16) and MeMeekin, Groves, 
and Hipp (12) leave no doubt that the a-electrophoretic component of casein 
is inhomogeneous. However, the amount of these new components | kappa-casein, 
for example, is reported (16) to be 15% of whole casein| makes it unlikely that 
they represent the protective colloid in natural casein which is split and solu- 
bilized during the clotting reaction. The recent report of Nitschmann ef al. 
(14) appears to provide a more plausible explanation for the clotting of casein. 
The 1.5 to 2.0% of casein which becomes soluble during the clotting reaction 
is split from a major component of a-casein, and the unusual, strongly hydro- 
philic properties of the split fraction bestow on natural casein its solubility 
in the presence of calcium ions. The effect of rennin on kappa-casein (16) 
suggests that this fraction of a-casein may have the hydrophilic protein- 
polysaccharide bound to it. 
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SUMMARY 


Through use of an Autotechnicon, an instrument which dips test pieces into and out 
of a series of solutions, a reproducible method for forming milkstone on stainless steel was 
developed. Milkstone quantity increased with increase of temperature of water used to 
rinse milk; increasing the drying time before or after this rinse did not influence milk- 
stone formation. Interrelated chemical factors involved in producing milkstone were 
milk, water hardness, chlorine solutions, and cleansers. Water hardness was singly the 
most important factor and a nonlinear increase of milkstone with increasing water 
hardness was demonstrated. There was little difference in milkstone amounts formed 
either with sodium or with caleium hypochlorite; formation of less milkstone with 
chlorinated trisodium phosphate possibly could be attributed to water softening caused 
by hard-water salt precipitation. Of the cleansers tested, least milkstone was produced 
with an acid, slightly more with a neutral nonionic detergent, still more with one con- 
taining trisodium phosphate and pyrophosphate. Comparison of synthetic detergents 
indicated that a cationic helped produce about twice the milkstone formed with a non- 
ionie or an anionic. Inorganie cleanser constituents producing clear hard-water solu- 
tions helped form Jess milkstone than those producing cloudy solutions. 





The word milkstone has been used to describe certain deposits forming on 
dairy equipment being utilized in both production and processing of milk and 
milk products. Milkstone has been variously described as any contamination- 
defying, ~outine, daily cleansing methods (9), a product resulting from inter- 
action of heat-precipitated milk film, chemical constituents of the water sup- 
ply, and alkaline cleansers (6, 8), a product of heat-precipitated milk solids 
and various chemical and physical factors (5), possibly as a thin, metallic-like, 
dense film resulting from interaction of heat, air, and milk (3), and lastly, 
as a result of improper cleansing (1, 2, 5-9). The prevention or reduction of 
milkstone formation possibly may be accomplished through use of properly 
formulated cleansers and efficient cleansing methods (1, 4, 7). 

Laboratory milk films have been prepared which elucidated the effect of 
several physical factors on film formation (3) and the interaction of milk films 
with alkaline cleanser ingredients (6). The laboratory method described in 
this paper simulates not only typical cleansing procedures but includes treat- 
ment of stainless steel with water rinses and sanitizing compounds, so that the 
effects of these materials also could be studied and evaluated. Thus, by inelu- 
sion of all or most of the known factors, and by studying the relative importance 
of each factor, it was hoped that a practical approach to prevention of milkstone 
formation could be formulated. Based on the results obtained, several possi- 
bilities for prevention or reduction of milkstone formation seem feasible and 
are discussed later in this paper. 


Received for publication September 3, 1957. 
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MATERIALS AND METHODS 


The instrument used was the Autotechnicon (The Technicon Company, New 
York City), designed primarily for automatic staining of histological tissue 
sections. The Autotechnicon consists essentially of a number of metal arms 
rotating slowly in a clockwise direction while ascending and descending into va- 
rious positions, coming to rest after descent to each position. Type 302 stainless 
steel strips with a No. 4 polish on one side, 3 in. by 1 in. in size, were cleansed 
first with an acid cleanser and then with an alkaline cleanser, thoroughly 
rinsed in distilled water, and dried. The strips were then dipped into carbon 
tetrachloride, heated at 100-105° C. for 1% hr., cooled in a desiccator for at 
least 4% hr., and weighed on an analytical balance. Four strips were suspended 
on hooks in pairs, from two opposing arms of the Autotechnicon, so that the 
lower 2 in. of the strips were consecutively dipped into beakers containing: 
(a) 200 p.p.m. available chlorine solutions at room temperature; (b) raw tank- 
mixed whole milk, initially at 37° C. and allowed to cool to room tempera- 
ture during the test; (c) water at room temperature used as the first rinse; 
(d) eleanser solution at 49° C., at 0.25% concentration unless otherwise indi- 
cated, and (e) a second water-rinse at 49° C. 

The exposure time of each strip to each liquid was 70 sec., and the transit 
time from liquid to liquid was 35 see. This sanitizing-cleansing cycle was 
repeated 30 times, the milk being replaced with a fresh supply at 37° C. after 
15 eyeles. The milk was stirred mechanically during each cycle, about 5 min. 
before the strips were dipped into it, by means of a stainless steel stirrer attached 
to an arm of the Autotechnicon. 

At the end of the exposure period, the strips were held at room temperature 
for 10 min. The strips were then treated by total immersion in ethanol, ethyl 
ether, ethanol, ethyl ether, and petroleum ether, consecutively, the immersion 
time in each solvent being 1 min. The strips were dried at 100—-105° C. for 
14 hr., cooled in a desiccator for at least 4% hr., and weighed, the milkstone 
quantity being determined by weight difference. All of the results shown are 
the average total amount of milkstone on four strips; at least two runs were 
made, to give an average figure. The strips were handled with clean, dry forceps 
throughout the procedure. 

Rinses and solutions were composed of, or prepared in, water of 300 p.p.m. 
hardness caleulated as calcium carbonate, unless otherwise indicated. The water 
was prepared with calcium chloride and magnesium sulfate with a Ca:Mg ratio 
of 3:1. Water hardness was determined by the Betz titration method (W. H. 
and L. D. Betz, Philadelphia, Pa.). 


RESULTS 


The method just described, for determining amounts of formed milkstone, 
is limited to study of one condition during a single test, and does not allow the 
use of parallel control determinations. For this reason, it was necessary to 


establish the limits of error of the method. Using the same samples of caleium 
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hypochlorite as sanitizer, and a commercial alkaline cleanser (Cleanser A, 
Table 3) throughout, nine single tests were done at intervals during a 2-hr. 
period. The results, expressed as total milligrams of milkstone on four strips, 
were: 39, 40, 42, 30, 38, 44, 33, 44, and 48. It may be seen that the results 
usually were reproducible within a few milligrams, but that occasionally a 
low figure (30, 33) would be obtained. It was evident that for comparative 
purposes two or more test trials were’ necessary, in order to obtain a reliable 
average figure; therefore, all the results reported below were derived on 
this basis. 

Results of a study of the effect on milkstone formation of rinse tempera- 
tures and drying time, before or after the first rinse, are shown (Table 1) 


TABLE 1 


Relation of temperature of rinses and drying time, before and after first rinse, 
to milkstone formation® 


Temperature Time of drying Av. 
Ist rinse 2nd rinse Before Ist rinse After 1st rinse milkstone 
— — (sec. ) — (mqg.) 
Room 49° C. 35 35 40 
49° C. Room 35 35 74 
Room 49° C. 35 10 32 
Room 49° C. 10 35 41 





® The sanitizing- cleansing cycle included calcium hypochlorite and 0.25% of a commercial 
cleanser composed of trisodium phosphate, pyrophosphate, carbonate, and an anionic synthetic 
detergent. 





The data indicate that increase of the temperature of the first rinse resulted 
in a marked increase in the amount of milkstone. Increasing the time of 
drying after the first rinse caused the formation of slightly less milkstone, 
but an increase in the drying time before the first rinse caused no change in 
milkstone formation. 

To determine the effect on milkstone formation of each component of the 
sanitizing-cleansing cycle, one or two components were replaced with hard water. 
The results (Table 2) indicate that replacement of cleanser, calcium hypo- 


TABLE 2 


Sanitizing-cleansing cycle component effect on milkstone formation 








Calcium Hard 0.25% Av. 
hypochlorite water Milk cleanser milkstone 
(mqg.) 

Yes Yes Yes Yes 40 
Yes Yes Yes No® 20 
No Yes Yes Yes 17 
Yes Yes No Yes 21 
No Yes Yes No 5 
Yes None* Yes Yes 5 





« “None” signifies that distilled water was used for the solutions and rinses, in place of hard 
water. 
>The commercial cleanser used was a mixture of trisodium phosphate, pyrophosphate, 
carbonate, and an anionic synthetic detergent. 
¢ “No” signifies that the component was replaced with hard water. 
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chlorite, or milk produced about one-half the milkstone formed with all the 
components present in the system. Elimination of both calcium hypochlorite 
and cleanser, or replacement of the hard water in the entire system with 
distilled water and keeping all other components, resulted in very little depo- 
sition of milkstone. 

As water hardness was shown to cause the greatest change of any of the 
single components of the cycle, a further study of this factor was made. Using 
calcium hypochlorite and alkaline Cleanser A (Table 3), it was found that 


TABLE 3 


Milkstone formation with different commercial cleansers* 


Av. 
Cleanser Cleanser composition milkstone 
(mg.) 
A Trisodium phosphate, pyrophosphate, carbonate, anionic detergent 35 
B Polyphosphate, carbonate, anionic detergent 22 
Cc Neutral nonionic detergent 14 
D Phosphoric acid, nonionic detergent 9 





® The sanitizing-cleansing cycle included a commercial calcium hypochlorite compound and 
a 0.25% concentration of the listed cleansers. 


at zero p.p.m. water hardness, 5 mg. of milkstone formed, at 150 p.p.m. hard- 
ness, 14 mg., and at 300 p.p.m. hardness, 40 mg. was obtained. It became evident 
that the amount of milkstone increased in a nonlinear fashion with increasing 
water hardness. 

A study of the effect of different types of commercial chlorine compounds 
used with alkaline Cleanser A (Table 3), showed that slightly more milkstone 
resulted from the use of calcium-free sodium hypochlorite than from use of 
calcium hypochlorite; whereas, least milkstone was obtained through the use 
of chlorinated trisodium phosphate. Actual figures were 38 mg. with sodium 
hypochlorite, 35 mg. with calcium hypochlorite, and 30 mg. with chlorinated 
trisodium phosphate. It should be pointed out that the sodium hypochlorite 
solution was clear and that the calcium hypochlorite formed a cloudy solution ; 
whereas, the chlorinated trisodium phosphate caused a voluminous precipitate 
to form in the hard water, with a resultant softening of the supernatant. The 
demonstrated marked effect of water hardness on milkstone formation may, 
at least partially, explain the low resuit obtained with chlorinated trisodium 
phosphate. 

A comparison of the amounts of milkstone obtained through the use of 
various types of commercial cleansers was made (Table 3). This experiment 


indicated that the most milkstone resulted through the use of a cleanser 
containing trisodium phosphate and pyrophosphate (Cleanser A), less milk- 
stone produced with a cleanser containing polyphosphate (Cleanser B), still 
less with a nonionic detergent cleanser containing no hard-water precipitating 
salts (Cleanser C), and that least milkstone was obtained with an acid cleanser 
(Cleanser D). 
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In order to elucidate the role of individual cleanser chemicals, different 
types of organic synthetic detergents were compared. Using the detergents at 
a concentration of 0.01% and calcium hypochlorite as the sanitizer, the average 
milligrams of milkstone produced with alkyldimethylbenzyl ammonium chlo- 
ride, a cationic, was 33, with an alkylaryl sulfonate (anionic), 15, and with 
a nonionic alkylaryl polyether alcohol, 14 mg. Thus, it may be seen that the 
cationic detergent helped produce over twice the amount of milkstone that the 
anionic or nonionic detergents produced, the latter two being about equal. 

Investigation of the role of possible inorganic constituents of cleansers indi- 


cated that sodium bicarbonate and sodium hexametaphosphate, at the concen- 
trations used, caused no more milkstone than the control hard water (Table 4). 


TABLE 4 


Effect of inorganic components of alkaline cleansers on milkstone formation* 








Cleanser solution Av. 
Inorganic component at 49° C. milkstone 

(mg.) 

None (hard-water control) Clear 22 
Sodium bicarbonate Clear 22 
Sodium hexametaphosphate Clear 22 
Sodium tripolyphosphate Cloudy 25 
Sodium pyrophosphate Cloudy 33 
Sodium bicarbonate plus sodium hexametaphosphate Clear 24 
Sodium bicarbonate plus sodium tripolyphosphate Cloudy 28 
Sodium bicarbonate plus sodium pyrophosphate Cloudy 28 





* The sanitizing-cleansing cycle included calcium hypochlorite and the listed inorganic 
chemicals each used as cleansers at 0.075% concentration. 


Sodium tripolyphosphate and sodium pyrophosphate, at concentrations less than 
necessary for complete softening of the hard water as indicated by the cloudy 
solutions, helped to produce more milkstone than the water control, the pyro- 
phosphate being the worst offender. Combination of sodium bicarbonate and 
phosphates indicated that the least milkstone was produced with sodium hexa- 
metaphosphate; whereas, with sodium tripolyphosphate and sodium pyrophos- 
phate more milkstone was formed. It may be significant that clear solutions 
of the cleanser ingredients in hard water, indicating complete softening or no 
precipitation of hard-water salts, produced approximately the same amount of 
milkstone as the water control, whereas cloudy solutions produced milkstone 
in marked excess over the control. 


DISCUSSION 


The present study clearly confirmed the common belief that the formation 
of milkstone is a complex process involving many interrelated factors. The 
delineation of the effects of individual chemical factors, such as cleansers 
and cleanser ingredients, chlorine sanitizers, water hardness, and milk itself, 
emphasized that each played its role, dependent to various extents on the other 
materials. 
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The most important single chemical factor involved in milkstone formation 
was shown to be water hardness. As water hardness is a well known, although 
not entirely understood, entity, its predominance in influencing milkstone for- 
mation suggested several rational approaches to the solution of the problem of 
preventing or reducing milkstone deposits. As little difference could be dem- 
onstrated between various types of chlorine compounds, modifications of these 
materials seemed to offer, at best, only a partial solution to the problem. 


A more fruitful approach seemed to be one directed at the proper formu- 
lation of dairy cleansers. The use of polyphosphates in amounts sufficient to 
produce clear hard-water solutions, in place of trisodium phosphate, pyrophos- 
phate, or possibly other hard-water precipitating salts, was particularly notable 
in reducing the amount of milkstone formed. It should be realized that a limit, 
both chemical and economical, can be reached in the amount of water hardness 
that may be softened by means of polyphosphates (or organic sequestering 
agents) incorporated in alkaline cleansers. It is possible that, in very hard 
avater, properly formulated alkaline cleansers may be used in conjunction with 
a chemical or physical water-softening process. The use of the latter process, 
however, has limited application because of space and cost considerations. A 
more practical solution seems to be the utilization either of neutral detergent 
cleansers containing no hard-water precipitating salts or of acid cleansers, as 
cleansers of both types markedly reduced milkstone formation. 


It was determined also that the temperature of rinse waters played a large 
role in milkstone formation. The results reported here parallel the common 
field experience that, if milk is rinsed from equipment ‘surfaces with hot water, 
more milkstone forms than with a cold-water rinse. No evidence for a marked 
effect on milkstone formation by drying of milk films at room temperature 
was found. 
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CHANGES IN TYPE CLASSIFICATION RATINGS OF IMMATURE 
HOLSTEIN FEMALES. I. THE OVER-ALL RATINGS? 


Cc. J. WILCOX, K. O. PFAU, R. E. MATHER, anp J. W. BARTLETT 
New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


Semiannual type ratings by official inspectors from 1945 to 1956 were analyzed to 
show some changes occurring in Holstein females of the New Jersey Agricultural Ex- 
periment Station from 6 mo. of age to the end of the first lactation. Ratings of 94 
animals were grouped according to age, 6 to 18 mo. (yearlings), 18 mo. to freshening 
(2-yr.-olds), first lactation (first-calf heifers), and 6 mo. to freshening (nonadult) with 
each animal having two or more ratings in each period. Means of ratings decreased 
significantly with age from yearlings to 2-yr.-olds and from 2-yr.-olds to first-calf heifers. 
The correlation (0.16) between yearlings and first-calf heifers was not significant. 
Although significant, correlations between 2-yr. old and first-ealf heifer ratings (0.41), 
and nonadult and first-calf heifer ratings (0.27), were also low. Random and con- 
founded effects difficult to measure combined to account for from 45 to 54% of the total 
variation. Under the present rating systems, it does not seem practical to select for type at 
early ages. 





Improved type in dairy cattle is of definite economic value and held in high 
esteem by the commercial and purebred breeder. Type ratings are accepted as 
being positively associated with milk production and even constitutional strength, 
and the more desirable type animals command higher prices in the sales ring. 
Working through official type classifiers, the purebred dairy cattle associations 
have fostered type and herd classification throughout their respective breeds. 

Although under the present systems only adult animals can be officially 
classified, progressive breeders have been constantly searching for practical 
methods of selecting and culling females at an early age. This investigation was 
undertaken to explore the j ossibilities from scoring young Holstein females, 
by measuring the changes taking place in over-all type ratings, determining 
some of the causes of these changes, and evaluating the practicability of using 
nonadult ratings in predicting ratings of first-calf heifers. 

By classifying heifers at 6-mo. intervals to about 24 mo. of age, Harvey et al. 
(2) obtained correlations between ratings of + 0.37 when different classifiers 
were used, and + 0.40 when the same classifier was used. Previously, Hyatt 
et al. (3) had estimated a correlation of +0.30 between any classification rating 
before and after calving; the correlation between combinations of ratings 
was +0.40. 

When ratings made at less than 10 mo. of age were omitted, Johnson and 
Lush (4) obtained repeatability estimates of + 0.34 for official inspectors’ ratings, 
and -+ 0.55 for station members’ ratings. Consecutive ratings were only slightly, 
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if at all, more alike than ratings separated by 2, 3, or 4 yr. Benson et al. (1) 
estimated a repeatability of + 0.56 on single final type ratings of Ayrshire cows 
with repeat classifiers, and a repeatability of + 0.48 with different classifiers. 
With heifers, corresponding estimates were + 0.28 and + 0.20. 

Differences in average ratings of 19 Ayrshire cow facilities were found to be 
small by Tabler et al. (8), but the variation among families was larger than that 
within families. Sire influences were highly significant an included both genetic 
and environmental variations. When these sire effects were removed, the among- 
family—within-sire variation was not significant. 

By studying ratings made by different judges, McGilliard and Lush (5) 
reported average correlations of + 0.11 for over-all ratings made annually on 
heifers prior to freshening, + 0.25 when made at least once before and once 
after freshening, and + 0.60 when made at least twice after freshening. 


EXPERIMENTAL PROCEDURE 


Data covering 11 yr. (1945 to 1956) were available for this study from 
official type classifications of the Holstein-Friesian herd owned by the New 
Jersey Agricultural Experiment Station. During this time, all females over 
6 mo. of age were classified twice annually, generally in May and October, 
at the beginning of the pasture and winter feeding seasons, respectively. Since 
only females which have freshened at least once can be officially classified, all 
ratings of animals before freshening were unofficial, though made in a similar 
manner by the same classifiers. 

Prior to the analyses, a system of grouping the data was devised to meet 
certain prescribed conditions. To smooth temporary fluctuations caused by season, 
pregnaney, lactation, and standards of inspectors, the data were grouped in age 
classes, with at least two ratings averaged for each animal in each class; the 
analyses being, therefore, analyses of average values of ratings during a given 
time period. These averages were considered to be the best estimates of the 
average type of each cow while it was in each age period. Three specific age 
groups were formed: Group A consisted of ratings made between 6 and 18 mo.; 
troup B, between 18 mo. and first freshening, and Group C, between first and 
second freshening. In the analyses, a fourth group, Group AB, was made up of 
all ratings from 6 mo. to freshening. To qualify, each animal must have been 
classified at least twice in each age group. Ninety-four females by 21 sires met 
all of the above requirements and were included in the investigation. The rela- 
tively high number of sires represented must be attributed to the presence of an 
artificial-breeding stud connected with the herd. 


As often happens in breeding studies covering an extended period of time, 
a number of confounding factors became involved. In the early part of the study 
(1945 to 1950), classification ratings were made by three different inspectors, 
working simultaneously and independently. The size and significance of these 
inspector influences were described for this population by Wilcox et al. (9). 
Subsequent to this period, only one inspector classified the herd at each classi- 
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fication. Every inspector returned at least once, and some more often than 
others. In a number of instances, an inspector returned while the animal was 
in the same age group; at other times the animal was in the next age group. 

In the cases where three inspectors were involved, the mean of the three 
ratings was considered to be the actual rating of the individual. The effects of 
the inspectors repeating themselves one or more times have not been isolated 
for this study. 

In the statistical analyses, standard analytical procedures were used. For 
ease of analysis and maintenance of equal intervals between the various scores, 
the classification ratings were coded as follows: Excellent rated as 6, Very Good 
as 5, Good Plus as 4, Good as 3, Fair as 2, and Poor as 1. A study of methods 
of estimating heritability of type classifications by Tabler and Touchberry (7) 
indicated this to be a sound procedure. With slight modifications, it was used 
successfully by MeGilliard and Lush (35). 


RESULTS 


Variance analysis. To estimate the size and significance of various effects upon 
changes in over-all type ratings, four specific analyses were undertaken. These 
involved within-animal comparisons. Group A vs. C (as yearlings and as first- 
ealf heifers), B vs. C (as 2-yr.-olds and as first-calf heifers), AB vs. C. (all non- 
adult ratings and as first-calf heifers), and A vs. B (as yearlings and as 2-yr.- 
olds). Since the same 94 females were involved throughout the study, each group 
was comparable to the other three. The results of these analyses are summarized 
(Table 1). Shown in the table are the sources of variation of the average type 
ratings, with mean squares and components of variance in percentage. 


TABLE 1 


Mean squares and per cent of variance of over-all type ratings made at various ages 
7 i y - 1 { { 





Comparisons between groups 





Degrees A vs. C, B vs. C, AB vs. C, A vs. B, 
Source of of yearling and 2-yr.-old and nonadult and yearling and 


variation freedom Ist-calf heifer 1st-calf heifer _1st-calf heifer 2-yr.-old 


(M.S.) (V.%) (M.S.) (V.%) (M.S.) (V.%) (M.S.) (V. %) 


Age 1 5.68" 11.9 1.71 4.0 4.74" 11.7 1.15> 2.8 
Sire 20 1.48" 32.7 1.58* 43.1 1.47" 39.0 1.50® 42.6 
Sire X age 20 0.30 1.6 0.23 1.1 0.27 4.4 0.22 1.5 
Daughters within sires 73 0.07 0 0.04 0 0.05 0 0.15 0 


Residual 73 0.27 53.9 0.21 51.8 0.19 44.9 0.19 53.2 





8 Significant at the 1% level. 
» Significant at the 5% level. 


Mean ratings of the four age groups were: Group A, 3.58; Group B, 3.42; 
Group C, 3.23, and Group AB, 3.49. Their standard deviations were 0.59, 0.69, 
0.54, and 0.51, respectively, with comparable coefficients of variation of 16, 20, 
17, and 15%. Bartlett’s test of homogeneity (6) showed that the variability 
in Period B was greater than in Period A which, in turn, was greater than in C. 
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Age effects were highly significant, with the exception of the A vs. B com- 
parison, where only a significant estimate resulted. As might logically be ex- 
pected, the greater the range in ages, the greater the per cent of total variance 
attributable to age. Only 4.0 and 2.8% resulted in the Group B vs. C and 
Group A vs. B comparisons, respectively ; whereas, 11.9 and 11.7% resulted from 
the Group A vs. C and Group AB vs. C. comparisons. 

The among-sire source of variation reflected the differences among the sire- 
group means. These estimates of sire influence accounted for 32.7, 48.1, 39.0, 
and 42.6% of the total variation in each of the four comparisons, respectively. 
As each animal is represented in each age period, and each age period in three 
of the four comparisons, these are not independent estimates. Since the AB vs. C 
comparison includes all data, its value (39.0%) is the most reliable and lies, as 
expected, between the A vs. C and B vs. C values. 

Though not shown in the table, an additional analysis of the four age groups 
individually showed that sire influence (the among-sire—within-group variation ) 

, was highly significant in each case. 

There were no indications of a real sire-by-age interaction. With the group- 
ings used here, daughters within sires varied less than might be expected, giving 
negative components which were called zero. The residual term represented 
primarily a combination of random error, inconsistent changes among animals 
between age periods, and differences among classifiers in rating an animal at 
different ages. The combined effects accounted for from 45 to 54% of the total 
variation. 

Correlation analysis. The relationship and significance of the ratings made at 
the different ages were measured by standard correlation procedures. The same 
four comparisons were made as in the analysis of variance. The correlation of 
the type estimates of yearlings (Group A) and first-calf heifers (Group C) was 
+ 0.16 (not significant). Significant correlations resulted with (a) A vs. B, 
+ 0.40, (bd) B vs. C, + 0.41, and (c) AB vs. C, + 0.27. 


DISCUSSION 


Definite effects on over-all rating can be attributed to age. A systematic in- 
fluence did exist, with the trend downward as animals aged. Since a shorter 
time lapse occurred between A and B, and B and C, than between A and C, the 
greater age influence observed for the latter could logically be expected. This 
trend is quite rapidly demonstrated by the mean levels of ratings. It may be 
due to a better appearance of the animals at this age or to greater leniency 
on the part of the inspectors. 


The differences in the amount of variation within Groups A, B, and C may 
be attributable to one, or both, of two factors. Either there is less actual varia- 
tion in type of the first-calf heifers, i.e., they are more uniform than the young 
animals, or the inspectors tend to stay closer to the mean of the group because 
the ratings are official—as opposed to ratings of nonadult animals, which are 
unofficial. 
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The largest influence on over-all classification rating was associated with ‘the 
groups of daughters of the different sires. In the ease of the AB vs. C compari- 
son, it amounted to 39%. Heritability calculated from values higher than 25% 
give impossibly high estimates. Thus, it is clear that some factors other than 
genetic have combined to make this value high. and refinement of the methods, 
such as consideration of time trends, characteristics of specific classifications, 
and differences in levels of ratings by individual inspectors, would be necessary 
to arrive at a valid estimate. This was not an objective of the study, but there 
is an indication that real sire differences probably do exist. 

Apparently, there were no specific sire-age interactions of measurable size. 
At least among the sires studied, there was little tendency for daughters of one 
sire to improve with age while daughters of another became less desirable. 

The small differences among daughters of the same sire are at least partially 
attributable to the existence of differences in the error term from one time period 
to another, and differences among inspectors between these time periods. The 
mean squares for among-daughters—within-sires include few of these effects, 
because the daughters tended to be contemporary, or nearly so, in most cases. 
While additional information might be desirable, further breakdown of the 
confounded effects making up the error term was impractical, in the light of the 
maintenance of adequate numbers. 

Several points are apparent from a study of the correlation coefficients. The 
possibility of predicting accurately the over-all rating of the first-calf heifer 
from the ratings of the yearling is very small under practical conditions. This 
is shown by the fact that only 17% (r?=0.17) of the variability in first-calf 
heifer ratings can be attributed to comparable variation in precalving ratings. 
Although a higher correlation would very probably result if all ratings were 
made by the same inspector, this would be difficult for a breeder to accomplish. 
Moreover, part of the increase in repeatability of the ratings might be caused 
by the unconscious recollection of previous ratings by the inspector. Greater 
suecess can be obtained by use of ratings made between 18 mo. and freshening. 
However, the animal is then of such an age that selection based on type classifi- 
cations is difficult to carry out on a practical, economical basis. Although ex- 
tremely poor-type animals are culled during this age period, these individuals 
are obvious, without being officially classified. 

From a scientific standpoint, apparently it is true that type of first-calf 
heifers can be predicted more accurately from the ratings of the 2-yr.-old group 
than from all the nonadult ratings. At least, it can be said that there is no ad- 
vantage for prediction purposes in including the ratings of the yearlings. 


CONCLUSIONS 


Type ratings of nonadult females are not sufficiently correlated with their 
ratings as first-calf heifers to justify selection for type at early ages. As the 
time interval between ratings increases, the correlation between ratings decreases. 
Mean ratings decreased with age and the differences in levels were statistically 
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significant. Differences among sire groups represented about 39% of the total 
variation, but this value undoubtedly contained other confounded effects. 


(1 


bo 
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CHANGES IN TYPE CLASSIFICATION RATINGS OF IMMATURE 
HOLSTEIN FEMALES. Il. THE SUBRATINGS? 


C. J. WILCOX, K. O. PFAU, R. E. MATHER, ano J. W. BARTLETT 


New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


Subratings of Holstein females of the New Jersey Agricultural Experiment Station 
from 6 mo. of age to the end of the first lactation, made by official inspectors semi- 
annually from 1945 to 1956, were analyzed. Ratings of 94 animals were grouped accord- 
ing to age, 6 to 18 mo. (yearlings), 18 mo. to freshening (2-yr-olds), first lactation 
(first-ealf heifers), and 6 mo. to freshening (nonadults), with each animal being repre- 
sented by two or more ratings in each period. Means of ratings of first-calf heifers were 
usually lower than ratings prior to freshening, although a systematic age influence often 
was not present. Differences in sire-group means were seldom significant; age-sire inter- 
actions were significant in some comparisons for some characteristics and in other com- 
parisons for others. Ratings prior to 18 mo. are of little value in predicting ratings 
of first-ealf heifers. Repeatability of average ratings between 2-yr.-olds and first-calf 
heifers ranged from 0.08 (dairy character) to 0.63 (rump). While more success may 
be obtained by using these later ratings, the relationships are still too low to justify 
selection for type in any but the most extreme cases. 





Breeding for type in the dairy cow has gone further than the simple con- 
sideration of over-all rating. The dairyman frequently selects sires which are 
proven or believed to be prepotent for desirable mammary systems, large size, 
or strong and straight legs. The various breakdown components of the type 
seore-card then come into prominence. 

A limited amount of work has been published in regard to these individual 
characteristics. That some are more repeatable than others was brought out by 
Benson et al. (1), who indicated a range of correlation coefficients from 0.30 
to 0.61 for the different characteristics in a study of Ayrshire cows with repeat 
classifiers, and 0.23 to 0.48 for different classifiers. Corresponding ranges for 
heifers were 0 to 0.30 and 0 to 0.28. Because of low relationships between 
ratings of heifers prior to 18 mo. and after freshening, Porterfield et al. (4) con- 
cluded that selection for type at early ages would be impractical. As early as 
1923, Gowen (2) noted that general appearance, size and character of udder, 
and size and shape of fore udder, rump, and barrel were the most difficult to 
evaluate. Definite differences were noted in the ease of rating of the various 
components by Wilcox et al. (6). Mitchell et al. (3) have found positive rela- 
tionships of varying degree between the subratings and both milk and fat pro- 
duction. 
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This investigation was undertaken to determine the practicability of pre- 
dicting type subratings of first-calf heifers from their ratings prior to freshening, 
by measuring the changes taking place and establishing several of the causes of 
these changes. 


EXPERIMENTAL PROCEDURE 


Analyses were carried out on the same animals included in a previous study 
(7). Breakdown ratings of these 94 females were statistically treated in a similar 
manner. There the make-up of the several groups, the various influences isolated 
and not isolated, and the coding of the ratings were described. The analyses of 
variance and correlation techniques followed the same pattern as in the previous 
paper and as outlined by Snedecor (5). Specific comparisons were made between 
(a) A and C, (b) B and C, (c) AB and C, and (d) A and B. The value for an 
animal in any age period represents the average of two or more ratings. 


RESULTS 


Variance analysis. Changes in ratings with age (Table 1) may be summarized 
as follows: General appearance declined slightly from A to B but there was no 
change from B to C; feet and legs, rump, and body capacity did not change; 
dairy character dropped markedly from A to B, with no change from B to C. 
Mammary system ratings as a whole did not change from A to B, but were lower 
after freshening (B to C). Fore udder declined significantly both from A to B 
and from B to C, whereas rear udder declined only after freshening. 


TABLE 1 


Means, standard deviations, and coefficients of variation of subratings 
grouped according to age 














Group A Group B Group C Group AB 

Rating Mean 8.D. C.V. Mean S.D. C.V. Mean S.D. C.V. Mean §8.D. C.V. 

(%) (%) (%) (%) 
General appearance 3.60 0.56 15 3.438 0.53 15 3.41 0.62 18 3.51 0.46 13 
Feet and legs 2.92 0.73 25 2.80 0.61 22 2.92 0.70 24 2.86 0.53 19 
Rump 3.46 0.64 19 3.43 0.69 20 3.55 0.73 21 3.44 0.62 18 
Dairy character 4.23 0.41 10 3.89 0.46 12 3.91 0.50 13 4.04 0.33 8 
Body capacity 3.89 0.56 14 3.83 0.56 15 3.91 0.638 16 3.85 0.44 11 
Mammary system 3.55 0.57 16 3.47 0.58 17 3.27 0.59 18 3.51 0.45 138 
Fore udder 3.62 0.47 13 3.49 0.42 12 3.29 0.66 20 3.55 0.36 10 
Rear udder 3.51 0.638 18 3.56 0.57 16 3.31 0.64 20 3.54 0.48 14 





The results of the tests of significance of these changes and the components of 
variance as percentages in the four comparisons are shown (Table 2). Where 
negative values were obtained for variance components, they are presented as 
zero. In terms of percentage of total variance, the largest change was in dairy 
character from A to B. Mammary system, particularly fore udder, also changed 
to a marked extent. Other subratings were little affected. by age. 
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TABLE 2 


Variance percentages and significance of all group comparisons 
for all classification subratings 





Source of variation 














Sire X Daughters 
Subrating Age Sire age within sires Residual 
seas eae sechcenteininenesesesein ia aa te a nel 
Comparison 1. Group A vs. C 
General appearance 3.3 2.3 13.6> 15.1> 65.7 
Feet and legs 0 2.5 14.5» 25.7* 57.3 
Rump 0.2 0.2> 0 13.1 76.5 
Dairy character 18.2 1.2 6.2 14.7 59.7 
Body capacity 0 2.2 14.2> 22.3> 61.4 
Mammary system 8.98 0 10.0 18.3> 62.9 
Fore udder 12.38 0 15.1» 6.5 66.1 
Rear udder 3.3 0 10.2 16.4> 70.1 
Comparison 2. Group B vs. C 
General appearance 0 7.0 15.7* 31.7 45.6 
Feet and legs 0.9 0 5.9 50.6 42.7 
Rump Oz 8.9 5.2» 54.2 31.0 
Dairy character 0 4.7 4.6 4.7 86.0 
Body capacity 0.4 30.1» 0 20.3 49.2 
Mammary system 5.3> 0 6.0 36.98 51.9 
Fore udder 4.6> 0 11.9» 35.38 48.1 
Rear udder 6.4> 0 9.6> 41.68 42.5 
Comparison 3. Group AB vs. C 
General appearance 0.4 6.7 12.1 25.4> 55.4 
Feet and legs 0 6.98 0 0 93.1 
Rump 0.3 7.6 0 27 .3* 64.8 
Dairy character 3.3 7:2 15.4 8.0 76.0 
Body capacity 0 8.9 6.5 27 . 6% 57.1 
Mammary system 7.7 0 7.5 29.8 54.9 
Fore udder 10.08 0 9.7 19.5» 60.8 
Rear udder 5.6> 0 8.8> 33.3" 52.3 
Comparison 4. Group A vs. B 
General appearance 2.3» 2.2 0 0 95.5 
Feet and legs 0.5 3.0 6.6 24.3" 65.6 
Rump 0 9.1 0 34.08 56.9 
Dairy character 23. 5* 3.4 0 12.0 60.9 
Body capacity 0 0 6.4 51.9° 41.7 
Mammary system 0.5 0 6.3 49. 6" 43.6 
Fore udder 3: 7> 0 0.5 36.6" 59.1 
Rear udder 0 0 9.4> 37.1* 53.5 








* Significant at the 1% level. 

> Significant at the 5% level. 

With regard to three sources of variation, sire, sire-by-age interaction, and 
daughters-within-sire, comparison 3, AB vs. C, was considered most representa- 
tive, because it contained all ratings for each animal. 

Among sire-group means, the differences of feet and legs accounted for 
6.9% of the total variation and were significant. Though not significant, general 
appearance, rump, dairy character, and body capacity showed approximately 
the same percentages, ranging from 6.7 to 8.9%. A test for the presence of 
different sire-age trends was made, and significant results were obtained in two 
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eases (general appearance and rear udder). The variation among daughters 
within sires was generally the largest of all the specific sources of variation, 
being positive in all but one case, and of appreciable size in most of the other cases. 

Further breakdown of the residual term was not feasible in this study, 
although valuable information might well be contained in it. It doubtlessly 
contains variation among classifiers, variation created by blunt grouping tech- 
niques, and other less specific influences. 

Correlation analysis. The relationships of ratings of the various ages were 
measured by standard inter-class correlation procedures. The same four com- 
parisons were made and the resulting coefficients are presented (Table 3), with 
the results of the tests of significance. With one exception, all comparisons of 


TABLE 3 


Correlations between type ratings of various age groups for each subrating 











Subrating Group A vs. C Group Bvs.C Group ABvs.C Group Avs. B 

‘General appearance 0.13 0.58» 0. 29> 0.45» 
Feet and legs 0.21% 0. 50° 0.45> 0. 26> 
Rump 0.37> 0.63" 0.53> 0.43> 
Dairy character 0.16 0.08 0.16 0.19 

Body capacity 0.19 0.39» 0.37» 0.29» 
Mammary system 0.10 0. 28> 0. 25> 0.39» 
Fore udder —0.01 0.32» 0.19 0.32» 
Rear udder 0.08 0.40» 0.30° 0.32» 





* Significant at the 5% level. 
» Significant at the 1% level. 


the youngest (A) and oldest (C) groups for each of the subratings resulted in 
positive coefficients. Yet, these coefficients were not significant except in the case 
of feet and legs (P < 0.05) and rump (P < 0.01). When the interval between 
the age groups was short (as with A vs. B or B vs. C), coefficients were significant 
in every subrating except dairy character. 

As would be expected, all coefficients for the AB vs. C comparison lay at some 
point between the A-C and B-C comparisons. These coefficients were significant 
in every case except dairy character and fore udder. 


DISCUSSION 


A number of specific points can be brought out from these analyses of the 
individual subratings. The age influence follows a logical and well-defined 
pattern. Dairy character, which is difficult to describe and evaluate, changed 
most between the yearling and the 2-yr.-old. Systematic change in dairy charac- 
ter due to age was not evident between ratings made before and after freshening. 
Although this trend might be challenged, it most definitely was true in this 
study, since none of the total variation was attributable to this source. Udder 
changes, as described by mammary system with fore and rear udder, were evident 
in the mean values of the individual groups where little change occurred 
in the nonadult ratings, but a definite drop occurred with the first-calf heifers 
during the first lactation. With all other subratings, only general appearance in 
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the A vs. B comparison was significant, and here it accounted for only 2.3% 
of the total variation. 

Ratings of dairy character were the highest of all subratings in each age 
group ; yet, its standard deviation and coefficient of variation were the smallest. It 
is conceivable that, if the inspectors would use a wider range of the scale avail- 
able to them, rather than staying close to a mean value, those ratings would be 
more highly repeatable. At least this appears to be true with feet and legs, 
where the range was greater and the correlations were higher. As expected, 
the means and standard deviations of the subratings fluctuated around the means 
and standard deviations of the over-all rating (7). As with over-all rating, 
means of subratings of first-calf heifers tend to be lower than those of younger 
ages. 

From the analysis of variance tables, it can be seen that the sire influence 
was generally small. These results are opposite to the results of the analysis of 
the over-all ratings, where significant effects were present in each comparison. 
The sires in this population apparently did not influence the subratings to any 
important degree. However, the sum total of these influences must have been 
great enough to show up in the over-all rating which, after all, is a weighted 
average of the subratings. The fact that individual sires do not significantly 
influence mammary system, body capacity, or dairy character will not be entirely 
accepted by either the research specialist or the purebred breeder. 

The sire-age interaction term was significant in a number of cases. Here 
again, this is the direct opposite of the over-all rating. With the yearling and 
2-yr.-old comparison, only rear udder was significant. This has doubtful prac- 
tical application. On the other hand, general appearance interactions accounted 
for between 12.1 and 15.7% of the total variation in the three other comparisons 
and were significant in each case. Thus, different trends do exist among sires 
between age periods. These trends vary among the different subratings and are 
opposite to the trends existing with over-all ratings. 

The influence of season on the interaction term is not clear. Means of spring 
classifications are usually slightly higher than those of fall in this herd. Studies 
are now in progress to measure this factor. 

With few exceptions, the variation among daughters within sires was the 
largest specific source of variation. This large variation overshadowed the sire 
influence, which then failed to be significant or make up an appreciable per- 
centage of the total variation. 

The correlation analyses indicated that some of the characteristics are more 
fixed than others in the animals. At least, they are fixed in the sense that an in- 
spector would rate the characteristic the same as a previous inspector. This 
among-inspector variation, in conjunction with inconsistent changes in type due 
to the time interval between the age groups, must be the important factor which 
makes these correlations small. The fact that a number of the correlations were 
highly significant does not belie the fact that only limited accuracy can be ex- 
pected in predicting future ratings. 
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That some characteristics are more difficult than others to evaluate accu- 
rately has been shown in this herd (6). Lower correlations could be expected 
with characteristics which are difficult to evaluate and/or which change irregu- 
larly with age. These two factors do not necessarily coincide. As a specific 
example, feet and legs were evaluated with more difficulty than most of the other 
subratings in this herd; yet, a higher correlation existed between their scores 
made at different ages than most of the other subratings. 

As they stand, however, the correlations describe conditions existing in a 
practical type classification program that could be duplicated in commercial 
purebred herds. On this basis several conclusions can be drawn. With the ex- 
ception of rump, and to a lesser degree, feet and legs, the type rating of a first- 
calf heifer can not be predicted with any reliability from her ratings between 
6 and 8 mo. Dairy character can not be predicted between any two age periods 
covered in this study. As the time lapse decreases, prediction accuracy increases, 
with greater accuracy occurring between 24 mo. and first lactation than be- 
tween 12 and 24 mo. A minor exception seems to be mammary system, in which 
the reverse is true, although fore and rear udders follow the rule. 


CONCLUSIONS 


It seems impractical to select animals for type as first-calf heifers on the 
basis of type subratings at early ages. Often of statistical significance, especially 
when the time interval is short, correlations between average type ratings of 
different age periods do not indicate a high degree of success in predicting future 
ratings. Few of the changes in type are associated with age alone, and sources 
of variation which are particularly difficult to measure make up a large part 
of the total variation. 
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ESTRUS AFTER CONCEPTION IN A HERD OF 
HOLSTEIN-FRIESIAN CATTLE! 
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State College of Washington, Pullman 


SUMMARY 


Estrus after conception was observed during 5.6% of 6,751 reproductive peri- 
ods which terminated in nonabortive calvings. Cows in their second and third 
reproductive periods averaged 7.5%, as compared with little more than 4%, for 
animals in their first or more than seventh (P < 0.05). Of 1,905 cows calving one 
or more times, 18.3% showed estrus after conception at some period of their reproductive 
life. Estrus occurred after conception more than one time in 18% of the reproductive 
periods showing estrus after conception. Average length of estrous cycles after concep- 
tion was 43 + 1.9 days. The modal length of 21 days was observed in 5.6% of the 534 
cycles observed. Fifty-five per cent showed estrus within 35 days after conception. 
Reproductive performance of cows during periods of posteonception estrus was 
comparable to herd average, with respect to services per conception, calving interval, 
abortion, and retained placentae. Twinning was 1.2% higher than herd average. Per- 
centage male calves (56.8%) was significantly higher than the average for the herd. 
Cystic tendency was observed at some time during the reproductive life of 70.5% of the 
cows observed having postconception estrus. The expected rate was 42% if the two 
phenomena were unrelated. Postconception estrus followed observance of cystic tendency 
in the same reproductive period 31.4% of the time, as compared with an expected rate 
of 17.6%. Postconception estrus occurred most frequently in November, December, 
January, and June, and least frequently in March, July, August, and October. The 
monthly differences were not significant. 





Occurrence of heat during pregnancy has been recognized in several species 
ineluding the cow (1, 3, 5, 6) and sheep (9). This phenomenon is of practical 
importance because of the likelihood, in the absence of accurate pregnancy 
diagnosis, that such cows are frequently sold as sterile. Such cows are also one 
cause of questionable paternity when a different sire is used for breeding at 
estrus after conception. 

Branton (1) and Donald (3) reported that 3.4% of dairy cows exhibit estrus 
one or more times during pregnancy; whereas, Donoho and Rickard (4) ob- 
served a 6% rate. Donald (3) found that estrus occurred 15 to 232 days after 
conception and that sterility rates among those cows were below the herd aver- 
age. Mirskaja (6), using a vaginal-smear technique, observed that 21.7% of 
the cows showed indication of estrus after conception. Williams et al. (9) 
sacrificed 50 ewes within 90 days after conception. Eleven of these, or 22%, 
had shown estrus one or more times after conception. None of the ewes sacri- 
ficed shortly after a postconception estrus showed evidence of ovulation. 


Received for publication June 18, 1957. 


*Seientifie Paper No. 1619, Washington Agricultural Experiment Stations, Pullman. 
Project W-2 (888). This research was financed in part under Regional Research, Research 
and Marketing Act, Section 9b3, Public Law 733. 

* Present address, Quaker Oats Co., Merchandise Mart, Chicago, Illinois. 


267 








268 R. E. ERB AND R. A. MORRISON 


This study was undertaken to determine the incidence of estrus after con- 
ception as related to age, season, and other reproductive phenomena. 


SOURCE OF DATA 
Breeding records, including clinical records maintained by resident vet- 
erinarians for the Carnation Milk Farm herd of Holsteins from 1920-50, and 
under the supervision of one man since 1925, were used for this study. General 
information about the data has been published elsewhere (7). Statistical pro- 
cedures were according to Snedecor (8). 


RESULTS AND DISCUSSION 
Postconception estrus was observed during 424 of 8,409 reproductive periods. 
As shown (Table 1), 378 (5.6%) of these occurred during 6,751 reproductive 











TABLE i 
Percentage of cows and reproductive periods with estrus after conception 
Cow group Total Estrus after conception 

Reproductive period basis ae ee (%) 
Nonabortive calvings 6,751 378 5.6 
Abortive calvings 636 29 4.4 

Pregnant cows and heifers not observed until 
subsequent calving* 1,022 17 * | 
Total 8,409 424 5.0 

Per cow basis 

Cows calving one or more times 1,905 348 18.3 
Pregnant heifers not observed until subsequent calving* 624 5 0.8 
Total 2,529» 353 14.0 





* Determined as the result of positive pregnancy examination. 
b Seventy-eight cows neither calved nor conceived during this study. 








periods terminating in nonabortive calvings. Among the 424 reproductive 
periods 76, or 17.9%, involved postconception estrus more than once during the 
same reproductive period. Nineteen of the 76 (25.0%) showed more than two, 
ten cows had four, and one cow had eight. The total was 534 cycles. The 
tendeney for pregnant cows to show more than one estrus after an initial 
estrus was approximately three times greater than the 5.6% expected (average 
for all reproductive periods terminating in nonabortive calving), if occurrence 
of a second estrus was random. 

On a per-cow basis (Table 1) 348, or 18.3%, of those calving one or more 
times showed estrus after conception. Sixty-one of these 348 cows, or 17.5%, 
showed postconception during more than one reproductive period. Of these 
61 cows, eight had posteonception estrus in three, and one in four, different 
reproductive periods. There were 339 cows which had 1,320 reproductive peri- 
ods (abortions included) following initial observance of estrus after conception. 
Among these reproductive periods 70, or 5.3%, again showed estrus after 


conception. 
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Although the tendency to repeat estrus within the same reproductive period 
exceeds expectancy, there is little evidence that cows showing postconception 
estrus in one reproductive period are more likely to repeat during later repro- 
ductive periods. 

Distribution by reproductive periods. Based on the 5% confidence limits 
(Table 2), first reproductive period cows have a significantly lower rate of 


TABLE 2 


Incidence of postconception estrus by consecutive reproductive periods 








Reproductive Total* Postconception estrus tn 5% fe —P) 
period calving total n 
—___________No. )»—__________—_——_ es (% 
1 1,435 63 4.4 Oe 
2 1,023 81 7.9 1.6 
3 845 09 7.0 Oy 
4 675 41 6.1 1.8 
5 524 35 6.7 1.8 
6 398 23 5.8 2.4 
7 304 14 4.6 2.4 
f 219 7 3.2 2.3 
9 147 5 3.4 2.9 
10 92 3 3.3 3.7 
10 90 2 2.2 3.1 
Total 5,752 333 5.8 0.6 
Other cows? 999 45 4.5 1.3 
All cows 6,751 378 5.6 0.5 





« Abortions excluded. 
» Purchased cows, and cows in herd prior to start of study. 


estrus after conception as compared with second and third reproductive period 
cows. The average rate of estrus after conception was 3.6% for 852 cows with 
more than six reproductive periods. The 5% confidence limit was + 0.6%. 
Cows of this latter age group were significantly lower in average rate of estrus 
as compared with cows in their second through fifth reproductive periods. 

Interval distribution. Estrous intervals after conception show fewer than 
expected occurring in 18-25 days, as compared with repeat service cycle inter- 
vals for all normal cows in the herd (Table 3). Short cycles (2-17 days) were 
proportionately three times more frequent, normal cycles (18-25 days) one-half 
as frequent, and cycles longer than 100 days twice as frequent. The modal 
length was 21 days with 30, or 5.6%, occurring at this interval. This compares 
with 9.5% for the 5,363 repeat service cycles. The average length for the 534 
cycles after conception was 43.3 + 1.6 days, which is much less than the 78 days 
reported by Donoho and Rickard (4). 

Time since conception. The first postconception estrus occurred within 35 
days after conception in 55% of the reproductive periods. Donald (3) observed 
41% within 30 days and 54% within 45 days. 

Cows which showed more than one estrus after conception within the same 
reproductive period had their first estrus within 35 days after conception in 
55% of the cases. The interval from conception to first estrus in one reproduc- 
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TABLE 3 


Postconception estrous intervals by normal and abnormal reproductive periods 








Estrous Repeat service 


interval Normal* Abnormal? Total cycles® 
(days) _ - (%)— —— - 
2-17 12.9 15.3 13.7 4.6 
18-25 28.0 30.7 28.8 47.0 
26-35 12.4 16.6 13.7 10.8 
36-45 12.7 8.6 11.4 13.9 
46-65 12.1 15.3 3.1 11.6 
66-100 12.4 8.6 1.2 C0 
101-150 6.2 3.1 5.2 3.0 
151-200 2.4 1.8 2.2 0.7 
> 200 0.8 0.0 0.6 0.5 
Total cycles 


(No.) 371 163 534 5363 





* Normal calving and no pathology observed during the reproductive period; estrous cycle 
length not considered. 

» Abnormal calving or some pathology observed during the reproductive period. 

© Normal reproductive periods for all cows in herd. 








tive period (X — 48 days) was not significantly correlated (r—0.18; 59 d.f.) 
with a similar interval in another reproductive period (x53 days). The 
correlation was also low (r = 0.21; 74 d.f.) between the first and second interval 
for 76 cows showing estrus at least twice after conception. The average was 
42 days from conception to the first estrus and 41 days to the second. 





The sizeable percentage of cows showing their first estrus after conception 
(42.5%) within 25 days presents a practical problem. If the cows were rebred 
to a different bull, it would be difficult to determine parentage. On a repro- 
ductive period basis, one could expect about three out of every 100 normal 
births to fall in this category. 

Reproductive performance. In Table 4 cows showing postconception estrus 
are compared with herd average criteria of reproductive performance. In 
general, these cows conceived with slightly fewer services, had a comparable 
ealving interval, and showed the same percentage of impaired fertility at 
disposal. 

Calvings following postconception estrus were similar to herd average for 
percentage of normal single births. Twin births were higher than expected 
following postconception estrus, when one considers that the average age of 
calving was little higher than herd average (Table 4). Since cows showing 
postconeception estrus also generally showed cystic tendency, a more detailed 
analysis of this relationship was made. Cystic tendency was rated into four 
groups as follows: A) cows with cystie follicles observed more than onee, or 
having three or more short estrous cycles, each recurring in from two to 15 


days in one or more reproductive periods; B) cows with cystic follicles observed 
onee, or having three or more short cycles in one reproductive period, or two 
short cycles in more than one reproductive period; C) cows with two short 
cycles in only one reproductive period; and D) cows with less than two short 
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TABLE 4 
Reproductive performance of cows during reproductive periods when postconception 
estrus occurred, compared with av erages for the herd 


Reproductive periods with 


Cc comparison _postcone eption estrus Herd 
(No.) - (av.)- — 

Services per conception 424 2.4 2.5 
Days from calving to first estrus* 283 62 64 
Days i in calving interval> 399 433 442 
Gestation-terminating reproductive puieds (days) 407° 271 272 
Impaired fertility at disposal (%) 924 34 34 
Single births—normal (%) 325 78 78 
Singles dead at birth (%) 10 2.4 3.7 
Twin births (%) 22 5.4 4.2 
Retained placentae (%) 50 12 10 
Abortions (%) 29 2 9 
Age at calving following postconception estrus (years) 407 6.4 6.1 





® Data prior to 1926 excluded. 

b Sixty days were subtracted from calving intervals of cows on advanced registry test, because 
these animals were bred for 365-day records and averaged 59 days longer to first service. Previous 
calving date was not always known for purchased cows. 

© Seventeen cows were sold before calving. 

4 Does not include cows still in herd or those sold for dairy purposes. 


cycles during their reproductive life in the herd. Under this system of group- 
ing, each individual cow was assigned to a cystic tendency group. One eystic 
tendency group involving cows and the other involving reproductive periods 
were used to show this. Comparisons were made with the respective herd totals. 
There were 353 cows with postconception estrus and 249 of these (70.5%) 
showed cystic tendency during the same or during different reproductive peri- 
ods while in the herd. Based on herd totals, 42.0% was expected. Some of the 
353 cows had estrus after conception in more than one reproductive period. 
Therefore, there were 424 reproductive periods during which postconception 
estrus was observed. Cystic tendency preceded conception in 133, or 31.4%, 
of these reproductive periods. Based on herd totals, 17.6% was expected. 
More than one-half of these 133 cases was found in cystic tendency group (A) 
which, under the method used for cystic tendency classification, included the 
most obvious clinical cases. Little bias exists in this comparison. These data 
suggest a common physiological cause which must be considered when compar- 
ing sex ratios, twinning rate, and heritability. 


Clapp (2) has previously shown that twinning rate is higher during repro- 
ductive periods involving cystic ovaries. It was shown (Table 4) that twinning 
rate was 5.4% for calvings terminating reproductive periods during which 
posteonception estrus was observed. These same cows (Table 6) had a twinning 
rate of 4.5% for all other reproductive periods. Calvings terminating repro- 
ductive periods with postconception estrus showed a higher average twinning 
rate when in combination with cystic tendency. As shown in Table 6, Groups 
A and B averaged 7.1 and 6.7% twin births, respectively. The higher incidence 
of twinning is more related to multiple short estrous cycles and eystic follicles 
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TABLE 5 


Relation of postconception estrus and cystic tendency 


Cystic tendency groups Total in cystic 
a —— tendency groups 


a B C oa A, B, and C 











Variable Total 
(No.) (No.) (%) (No.) (%) (No.) (Q%) (No.) (%) (No.) %) 





Herd totals 


All cows 2,607 465 17.8 411 15.8 218 8.4 1,510 58.0 1,094 42.0 


All repro- 
ductive 
periods 9,994 975 9.8 5382. 5.3 248 2.5 8,203 82.4 1,755 17.6 
Postconception estrus study totals 


Cows* 353 125 35.4 82 23.2 42 11.9 104 29.5 249 70.5 
Cystic in 

same re- 

productive 


period 424 80 18.9 31 7.3 22. ~=COS.. 133 31.4 


bo 








* Cows having postconception estrus and also cystic tendency during the same or during 


different reproductive periods. 
>’ Some cows showed postconception estrus during more than one reproductive period. 


(Groups A and B) than to whether estrus occurs after conception (see rates 
for Groups C and D). The 22 twin births produced by cows following post- 
conception estrus showed unusual distribution, being composed of ten male, 
seven mixed, and five female sets. Other twin births by these cows were more 
normally distributed, being composed of 21 male, 31 mixed, and 14 female sets. 


The sex of six sets was unknown. 


The percentage of males born after postconception estrus was 56.5%, as com- 
La) / 
pared with 51.6% for the herd and 51.6% for other calvings by these cows. 
Using chi-square, this much deviation from the population mean could be 
= ! 
expected approximately 5% of the time (X*=—3.84), when using population 
average of 51.6% males. Abortions and retained placentae did not vary from 


TABLE 6 


Influence of postconception estrus and cystic tendency on sex ratios and twinning rates 











Cows showing postconception estrus 


Calvings following 





All other calvings 








Cystic N for Twin N for N for Twin N for 
tendency twins* __ births sex? Males twins* births sex? Males 
(No.) (No.) (%) (No.) (No.) (%) (No.) (No.) (%) (No.) (No.) (%) 
Group A 141 mm. «3 144 78 .2 638 31 4.9 624 325 52.1 
Group B_- 105 ¢ Cr Fe 61 8 455 19 4.2 432 222 51.4 
Group C 48 0 0.0 42 22 171 m. <.& 153 73 «(47.7 
Group D 117 5 42 Wk . Oo _ 342 - See 309 163 52.8 
Total 411 22 5.4 391 221 1 ,606 72 4.5 1,518 783 «(51.6 
Herd Total 7,376 311 4.2 6,720 3,471 51.6 


* Includes abortions and other single births where sex was unknown. 
» Male and female totals, including twins of known sex. 
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the herd average for cows showing estrus after conception. Thus, the reproduc- 
tive mechanism shows little sign of impairment. The two most prominent 
features are differences in sex ratio and the likelihood of postconception estrus 
and cystic tendency occurring in the same reproductive period. 

Monthly variation. The study of monthly variation in rate of postconcep- 
tion estrus involves several obvious sources for bias, namely: a) days pregnant; 
b) average number of cows in each pregnancy interval each month, and c) vari- 
able numbers of days in the months. 

The likelihood of a cow showing estrus if pregnant only 2-15 days is con- 
siderably less than if pregnant 16-20 or more days. The 534 estrous cycles 
were distributed according to time the cows were pregnant when estrus was 
observed (Table 7). Dividing the percentage of cycles occurring within each 


TABLE 7 


Monthly variation in incidence of estrus after conception 

















— Estrus after conception Distribution of estrus after conception 
nant AV. Pregnancy Av. per 
cows ad- per Pregnant to estrous day in Adjust- 
Month justed* Total day cows/day interval Cases interval ment> 
(No.) (%) (No.) (No.) (%) (%) (factor) 
January 540 46 1.48 0.28+.084 2-15 48 9.0 0.64 0.17 
February® 550 42 1.49 0.27+.08 16-20 41 rth 1.54 0.41 
March 591 34 1.10 0.19+.07 21-25 101 18.9 3.78 1.00 
April 595 46 1.53 0.26+.07 26-35 62 11.6 1.16 0.31 
May 622 52 1.68 0.27+.07 36-45 55 10.3 1.03 0.27 
June 663 56 1.87 0.28+.07 46-65 79 14.8 0.74 0.20 
July 636 43 1.39 0.22+.06 66-100 72 13.5 0.39 0.10 
August 622 39 1.26 0.20+.06 101-150 43 8.1 0.16 0.04 
September 588 46 1.53 0.26+.08 151-200 22 4.1 0.08 0.02 
October 551 36 1.16 0.21+.07 201-250 11 2.1 0.04 0.01 
November 534 44 1.47 0.28+.08 r me Ce AS SS en eee 
December 539 50 1.61 0.30+.08 eas — 
1.46 0.25+.02 


Total 7031 534 

® Adjusted to average equivalent number of 21- to 25-day pregnancies at midpoint of each 
month, using factors shown in last column of table. 

» 21-25 day interval = 1.00. 

© Days in month = 28.25. 

ee P(1—P) 

tn 5% : 
V n X days in month. 














interval by the number of days in each interval yields an approximate average 
rate for each interval as compared with other intervals. As shown in Table 7, 
cows pregnant 21-25 days were 5.9 times more likely to show postconception 
estrus than cows pregnant 2-15 days (3.78 — 0.64). Since 21-25 days of preg- 
nancy showed the greatest rate, it was assigned a factor of 1.00. It was then 
possible to derive factors to adjust cows in varying stages of pregnancy to a 
common basis. For example, the reciprocal of 3.78 — 0.64 is 0.17, the factor 
necessary to adjust cows pregnant 2-15 days to a 21- to 25-day basis (Table 7). 

The average number of cows pregnant at the midpoint of each month was 
determined for each of the pregnancy-to-estrus intervals shown (Table 7). The 
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number of pregnant cows was adjusted to a number equivalent to 21-25 days 
pregnant, by the use of the factors in the last column. For example, a cow 
pregnant 2-15 days was only 0.17 as likely to have estrus as one pregnant 21-25 
days. As further shown, the number of postconception estruses observed was 
divided by the days in the month, to remove biases due to variable days in 
the months. Dividing this daily average by the number of pregnant cows 
(adjusted) gives a comparable percentage value for comparison of monthly 
variations. 

Abortions would terminate some pregnancies before 250 days. However, 
error would be negligible, because abortions were reasonably well distributed 
among months and because of the low factors (0.04 and less) for cows pregnant 
over 100 days. Disposal of animals known to be pregnant would likewise limit 
observations for postconception estrus. There were 1,658 reproductive periods 
in the abortion and disposal categories which, if accounted for, would decrease 
the pregnant cows (adjusted) approximately 100 cows for the 12 mo. combined. 
There is no indication that more than ten of these would fall in any one month. 
As shown in Table 7, March, July, August, and October are low (18% below 
average). September is the only month not falling into a uniform eyclic pat- 
tern. This pattern shows decreasing values from January to March, increasing 
values from April to June, and generally low values from July to November. 
The percentage rates of the highest and lowest months compared with the 
average of all months are not significantly different at the 5% confidence limits 
and barely significant at the 30% level. 
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INACTIVATION OF SPERMATOZOA BY LACTATE AND 
REACTIVATION WITH ALKALI 
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SUMMARY 


In two experiments, comparisons were made on the inactivation and reactivation by 
alkalinization of spermatozoa in two basic diluters: (a) YC, consisting of one part egg 
yolk and one part of a 2.9% solution of sodium citrate dihydrate, and (b) YGL, con- 
sisting of one part yolk, four parts of a 5% solution of glucose, and one part of different 
combinations of a 1.25% solution of lactic acid and a 0.6% solution of sodium hydroxide 
to have different pH levels. Survival of spermatozoa in the lactate diluents at 5° C. for 
seven days was not enhanced by the presence of sulfanilamide. Rather, complete inacti- 
vation of spermatozoa was observed after storage in YGL at pH 6.4, but not in YC at 
the sarae pH. Reactivation of spermatozoa after storage in the lactate medium can be 
accomplished by increasing pH to levels above 7.00. These spermatozoa are then capable 
of maintaining motility for at least 1 hr. at room temperature or for 24 hr. at 5° C., 
in spite of high pH. More work is needed to determine the value of inactivation with 
lactate in preservation of spermatozoa. 





Up to the present time, the common method of prolonging viability and 
fertility of spermatozoa has been by cooling to above-freezing temperatures. 
With this method, the spermatozoa are immobilized and their metabolism is 
greatly reduced. A number of workers have reversibly immobilized spermato- 
zoa by other means, at least for a short time. These means include addition of 
carbon dioxide (12,13), increase in hydrogen-ion concentration (1,3, 4,10), 
and increase in concentration of potassium (14). Milovanov and Khabibulin 
(9) found that spermatozoa could be immobilized by lactic acid or its salts 
accompanied by reduction of pH, and then could be reactivated by increase in 
temperature or alkalinization. They also mentioned that accumulation of carbon 
dioxide and lactic acid as metabolic products of spermatozoa is a factor in 
preservation at 5° C., as well as temperature per se. 

In addition, a number of substances have been found to stimulate motility 
of spermatozoa after storage at temperatures above freezing. These include 
sodium chloride and glucose (17), fresh seminal plasma (15), and accessory 
gland secretions from a vasectomized male (5). In addition, prostatic secretions 
(6) and alkali (8) stimulate motility of fresh semen. 

Recently, fertility trials have demonstrated that some of these methods of 
inactivation and activation may be of value in artificial insemination. Rickard 
et al. (11) have reported a significant increase in nonreturn rate of semen 
after storage for two days above freezing. This was accomplished by adding 
sodium carbonate to semen in yolk-citrate before breeding cows. VanDemark 
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and Sharma (16) recently bred a limited number of cows with spermatozoa 
held at room temperature for as long as seven days, in a medium containing 
sodium citrate, sodium bicarbonate, potassium chloride, glucose, egg yolk, and 
antibacterial agents, adjusted to about pH 6.35 with carbon dioxide. There 
was no evidence of reduction of fertility during that period. 

During the course of investigation in the present authors’ laboratory, of 
different buffers to be combined with egg yolk, some interesting observations 
have been made on inactivation of bull spermatozoa with lactate combined with 
reduction in pH and on reactivation with alkali. These observations and pre- 
liminary data have been reported previously in an abstract (18). 


Experiment | 


Experimetal procedure. A comparison was made of survival of spermatozoa 
in six diluters: (a) One part yolk and one part of a 2.9% solution of sodium 
citrate dihydrate (YC); (b) YC but with 0.3% sulfanilamide; (c) two parts 
yolk, eight parts of a 5% solution of glucose, 0.9 part of a 1.25% solution of 
lactic acid, and 1.1 part of a 0.6% solution of sodium hydroxide (normal YGL). 
This preparation has a pH of approximately 6.8; (d) normal YGL with 0.3% 
sulfanilamide; (e) two parts yolk, eight parts 5% glucose, one part 1.25% 
lactic acid, and one part 0.6% NaOH (low YGL). This preparation has a pH 
of approximately 6.45; (f) low YGL with 0.3% sulfanilamide 

Dihydrostreptomycin sulfate was added to all treatments at a level of 500 y 
per milliliter. For each ejaculate from a bull, 2 ce. of each diluter was placed 
in each of two small test-tubes. Semen was added to each tube to give a con- 
centration of 15  10® spermatozoa per milliliter. 

After storage at 5° C. for seven days, 0.35 ml. of a 1.3% solution of sodium 
bicarbonate was added to one of the tubes for each treatment. Motility obser- 
vations were then made at 37° C. within 5 min. Two workers independently 
and without knowledge of the treatment estimated motility of spermatozoa in 
each sample. Duplicate estimations were averaged. Significance of differences 
between means was determined by analysis of variance. 

Results. There were 15 ejaculates from ten bulls in the experiment. As can 
be seen (Table 1), there was a marked reactivation (P<0.01) of spermatozoa in 
both YGL diluters, especially in the absence of sufanilamide and in the diluter 
at low pH. There was little reactivation in YC (P>0.05). After addition of 
bicarbonate, the only significant differences among treatments were between 
the means for the two YGL diluters without sulfa on the one hand, and the 
smaller means for YC without sulfa and YGI-sulfa on the other. The inter- 
action between sulfa and diluter treatments was highly significant (P<0.01). 


Experiment II 


Another experiment was conducted to determine if spermatozoa could be 


reactivated after being stored at 5° C. in yolk-citrate at a low pH, and if so- 
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TABLE 1 
Average motility of spermatozoa and pH of diluters with and without reactivation with sodium 
bicarbonate when in yolk-citrate and yolk-glucose-lactate diluters 
with and without sulfanilamide 


(Each datum is an average of 13 samples) 





_Yolk-glucose-lactate 














Storage period Yolk-citrate Normal pH Low pH 
and poststorage Serer iis i 
treatment No sulfa No sulfa Sulfa No sulfa Sulfa 


Sulfa 








Total motility (%) 
After seven days 
No NaHCO; 34 47 45 42 13 18 
With NaHCO; 38 48 58 51 52 41 


Progressive motility (%) 
After seven days 








No NaHCO; 24 33 23 24 6 8 
With NaHCO; 26 34 39 33 37 26 
pH 
Fresh 6.81 6.81 6.87 6.85 6.46 6.46 
After seven days 
w» No NaHCO; 6.63 6.61 6.49 6.51 6.17 6.23 
With NaHCO; 7.05 7.02 7.45 7.44 7.45 7.44 


dium hydroxide would reactivate the spermatozoa as well as would sodium 
bicarbonate. 

Experimental procedure. Three diluters were compared: YC with normal 
pH (average 6.79); YC with pH adjusted to approximately 6.4 with a 1.05% 
solution of citric acid; low YGL. 

The only antibacterial agent added was dihydrostreptomyein sulfate at a 
level of 500 y per milliliter. 

On the seventh day of storage at 5° C., each diluter was subjected to five 
different treatments in separate, small test-tubes: 1. No additive. Motility ex- 
amined after both seven and eight days of storage. 2. No additive. Motility 
examined after eight days of storage only. 3. Sodium bicarbonate added after 
seven days. 4. Sodium hydroxide added after seven days. 5. Respective diluter 
(0.35 ml. per milliliter of diluted semen) added after seven days. 

Sodium hydroxide or sodium bicarbonate was added when the diluted 
semen was at a temperature of 5° C., and an attempt was made to have a 
final pH of 7.10. 

After the seven-day storage period, and the addition of the alkali or respee- 
tive diluter, Treatments I, III, IV, and V each received two additional sub- 
treatments in separate test-tubes: (a) Held at 25° C. for 1 hr. and motility 
then observed; (b) held at 5° C. for 24 hr. and _ x0tility then observed. 

General procedures and diluters were similar to those in Experiment I. 

Results. In the experiment there were 13 ejaculates from eight bulls. The 
results are summarized (Table 2). There was only slight reactivation of sper- 
matozoa upon addition of alkali to YC either at low or at normal pH. With 
all additive treatments, motility in YC at low pH was equal or superior to 
motility in YC at normal pH. None of these differences was significant, how- 
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TABLE 2 

Motility of spermatozoa and pH of diluters after storage at 5° C. for seven days in yolk- 
citrate (YC) at pH 6.43 and 6.79 and in yolk-glucose-lactate (YGL) at pH 6.43 

(Each datum is an average of 13 samples) 








Subtreatment number and additive 


Treatment ; I II III IV \ 

and diluter None None NaHCO; NaOH Diluter 
: cas Total motility (%) 

a) 1 hr. after additive 


YC (normal pH) 41 ‘ 45 47 47 

YC (low pH) 51 49 52 47 

YGL (low pH) 2 34 45 1 
b) 24 hr. after additive 

YC (normal pH) 39 39 34 41 42 

YC (low pH) 40 46 39 43 47 

YGL (low pH) 1 1 53 51 2 


ad) Progressive motility (%) 
a) 1 hr. after additive 


YC (normal pH) 26 26 30 32 
YC (low pH) 36 ’ 33 38 32 
YGL (low pH) 0 26 33 0 
b) 24 hr. after additive 
YC (normal pH) 22 24 18 22 26 
YC (low pH) 36 36 30 29 33 
YGL (low pH) 0 0 32 36 0 
ae pH 
b) 24 hr. after additive 
YC (normal pH) 6.68 6.70 7.12 7.06 6.67 
YC (low pH) 6.38 6.34 7.05 7.8 6.37 
YGL (low pH) 6.06 6.07 7.29 7.44 6.13 
Fresh 
YC (normal pH) 6.79 
YC (low pH) 6.48 
YGL (low pH) 6.43 


ever. In YGL at low pH, reactivation was striking, with total motility increas- 
ing from 2 to 34 and 45% with NaHCO; and NaOH, respectively. Furthermore, 
in most instances motilities were greater after addition of sodium hydroxide 
than after addition of sodium bicarbonate, although the differences are not 
significant. These data indicate that the activation of spermatozoa is caused 
by increase in pH rather than by carbonate. The pH of the YC diluters was 
not raised to as high a level after addition of bicarbonate or sodium hydroxide 
as was the pH of the YGL diluters. The inference that might be drawn from 
this fact is that these differences might explain the differences in motilities. 
Detailed study of the individual observations had indicated, however, that 
comparatively little reactivation takes place in YC, no matter what pH levels 
are involved, and that reactivation takes place in YGL if pH is raised only to 
7.00 or slightly higher. Although attempts were made to bring the pH of the 
different samples to the same pH level as the additives, difficulties were en- 


countered because of the high buffering capacity of YC and the comparatively 
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low buffering capacity of YGL. The addition of fresh medium to the stored 
semen was ineffectual in reactivating spermatozoa. 

Reactivated spermatozoa are capable of maintaining motility for at least 1 hr. 
at room temperature, or after storage at 5° C. for 24 hr., in spite of high pH. 


DISCUSSION 

After marked inactivation of spermatozoa was observed in YGL after storage, 
a number of samples were examined within 1% hr. after addition of spermatozoa 
to the different diluters. Only slight, if any, inactivation had taken place at that 
time. Rather complete inactivation was observable, however, after storage at 
5° C. in YGL with low pH. This inactivation was not accomplished in yolk- 
citrate with a comparable reduction in pH. Inactivation in YGL with low pH 
was not enhanced by sulfanilamide. Possibly, its property of inhibiting metabo- 
lism of spermatozoa (2, 7) is harmful in this situation. 

The inactivation of spermatozoa in YGL with low pH was more complete 
in Experiment II than in Experiment |. The authors have no explanation 
for this. 

These observations with lactate emphasize the unreliability of motility alone 
as a criterion of viability of spermatozoa, when studying different substances as 
ingredients in diluents. Spermatozoa could often be adjudged immotile or 
as possessing poor motility when, in reality, they might be highly viable and 
could be reactivated by alkalinization. 

More work is needed to determine optimum lactate and pH levels for in- 
activation of spermatozoa, optimum levels of pH for reactivation, the possible 
usefulness of this method of reactivation of spermatozoa when employed in 
conjunction with the techniques of VanDemark and Sharma (16) for preserving 
spermatozoa at room temperature, the fertility of spermatozoa after being sub- 
jected to those various treatments, and the necessity of reactivating spermatozoa 


before breeding cows. 
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HIGH-LEVEL UREA FEEDING TO DAIRY CATTLE. I. 
EFFECT OF HIGH-LEVEL UREA FEEDING ON THE GROWTH AND 
METABOLISM OF GROWING DAIRY HEIFERS WITHOUT 
SULFUR SUPPLEMENTATION? 


C. A. LASSITER, R. M. GRIMES, C. W. DUNCAN, ann C. F. HUFFMAN 


Departments of Dairy and Agricultural Chemistry, 
Michigan State University, East Lansing 


SUMMARY 


Twenty-four Holstein dairy heifers were used in a 150-day trial to study the effect 
of feeding grain rations containing 3.0, 5.0, and 7.0% urea upon growth, feed consump- 
tion, and metabolism. Ground corn cobs were fed as the sole source of roughage. As 
the levels of urea in the ration increased, the consumption of corn cobs decreased, although 
not significantly, and daily gains and feed efficiency decreased significantly. The aver- 
age daily gain for heifers fed rations containing 3.0, 5.0, and 7.0% urea were 1.14, 0.85, 
and 0.64 lb. per day, respectively. The level of urea in the ration did not significantly 
affect nitrogen retention or blood levels of urea nitrogen, but as the intake of urea in- 
creased, blood serum levels of nonprotein nitrogen increased significantly and the levels 
of serum proteins significantly decreased. The possibility of a sulfur deficiency in a 
ration containing either 5.0 or 7.0% urea was discussed. 


Numerous reports, as reviewed by Reid (11), indicate that mature ruminants 
can utilize urea as a source of nitrogen for growth. In most of these experiments, 
urea did not compose more than 4% of the ration and did not supply more 
than 30-40% of the total nitrogen (1,2,3,6,13). Reid (11) reviewed work at 
the Georgia station in which dairy heifers were fed rations containing 4.5% 
urea. The urea-fed heifers gained 1.0 lb. of body weight daily as compared with 
1.4 lb. per day for heifers fed a ration in which cottonseed meal supplied most 
of the protein. Reid (11) stated that a difference in nutrient intake existed and 
that this could account for the differences in growth. In a second trial when the 
nutrient intake was balanced, the urea-fed heifers gained 1.4 lb. and the cotton- 
seed-meal heifers 1.6 lb. per day. Urea supplied about 70% of the total protein 
equivalent of the ration during this latter trial. Recently, lowa workers (74) 
formulated a beef cattle supplement containing 10% urea. Hart et al. (7) re- 
ported that calves (250-290 lb.) fed rations in which urea supplied 61 or 70% 
of the total nitrogen had diuresis. 

The purpose of this s udy was to determine the maximum level of urea that 
could be efficiently utilized by growing dairy heifers. 


EXPERIMENTAL PROCEDURE 


Twenty-four Holstein dairy heifers were selected and divided into three 


groups, after considering body weight, age, and condition, for use in a 150-day 
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feeding trial to evaluate high-level urea feeding. This study was conducted in 
two trials. Nine heifers were used in Trial I and 15 heifers were used in Trial IT. 

All of the heifers were fed ground corn cobs as the sole roughage at an ap- 
proximate rate of 2 lb. per 100 lb. of body weight daily. Adjustments were made 
in feeding during the experiment, but the amount of feed offered was always 
the same for each group. Each group was fed one of the experimental supple- 
ments (Table 1) at a rate to equal Morrison’s (10) minimum protein standards 
and 110% of the minimum T.D.N. standards. 


TABLE 1 
Composition of experimental cattle supplements 


Rations 





Ingredients 1 2 3 Corn cobs 
= (lb.) 
Ground yellow corn 589.5 719.5 849.5 
Soybeal oil meal 300.0 150.0 
Urea 30.0 50.0 70.0 
Dicalcium phosphate 60.0 60.0 60.0 
Trace salt* 20.0 20.0 20.0 
Vitamin A and D concentrate 0.5— 0.5 : 0.5 
Total 1,000.0 1,000.0 1,000.0 
Chemical analysis (°%) 
Dry matter 88.6 88.9 88.6 85.4 
Crude protein 26.2 25.8 25.1 2:6 
Crude fiber 2.8 2:2 2.0 28.6 
Ether extract 2.7 3.2 3.0 0.5 
N-free extract 48.0 49.7 50.5 52.4 
Ash 8.9 8.0 8.0 1.3 
T.D.N.° 70.6 69.3 68.0 
Nitrogen supplied by urea 30.0 50.0 70.0 


Sulfur 0.171 0.141 0.112 


® Salt plus iodine and cobalt. 
» 10,000 I.U. of vitamin A and 1,250 I.U. of vitamin D per g. of concentrate. 
© Morrison (10). 


The heifers were weighed for three consecutive days, at the beginning of 
the experiment and at 30-day intervals thereafter. Nitrogen balance trials were 
conducted on each heifer once per month, using a six-day collection period. Blood 
samples were taken prior to the beginning of the experiments and at 2-wk. 
intervals thereafter, at approximately the same time each day, and analyzed 
for blood urea nitrogen, serum nonprotein nitrogen, and total serum nitrogen. 

The composition of the experimental supplements, as well as the corn cobs, 
is shown (Table 1). The major difference in the three experimental grain mix- 
tures was in the amount of nitrogen supplied by urea. In Rations 1, 2, and 3, 
urea supplied 30, 50 and 70% of the total nitrogen, respectively. 


RESULTS AND DISCUSSION 


Data showing effects of different levels of urea feeding on feed consumption 
and body weight changes are presented (Table 2). No significant differences 
existed between groups in respect to feed consumption, but as the urea percentage 
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TABLE 2 


Effect of high-level urea feeding on the average feed consumption, feed efficiency, 
and body weight gains of growing dairy hevfers 


Daily Initial Final Daily Feed per 
Group Feed feed weight weight gain Ib. grain 
(No.) — — - (lb. )— - — 
1 Corn cobs 13.0 590 762 1.15 15.0 
Supplement 4.1 
2 Corn cobs 12.6 594 722 0.85 19.6 
Supplement 4.1 
3 Corn cobs 12.1 591 687 0.64 25.2 
Supplement 4.0 
L.S.D.—1% N.S. 0.18 NS. 
L.D.D.—5% N.S. 7.2 


of the rations increased there was a tendency for the consumption of corn cobs 
to decrease. This was particularly true during Trial I, with heifers fed Ration 3. 
The heifers on this ration exhibited periods of off-feed and severe diarrhea for 
about the first 3.5 mo. of the trial. After this time, the heifers ate normally. 
iven though the heifers fed Ration 3 consumed slightly less feed than heifers 
on Ration 1 during Trial IT, the nature of this off-feed condition was not as 
severe as in Trial I, nor did the heifers exhibit the diarrhea condition. Heifers 
fed Rations 1, 2, and 3 consumed 56, 93, and 127 g. of urea per day, respectively, 
or 8.3, 14.1, and 19.8 g. of urea per 100 lb. of body weight. 

As is shown (Table 2), as the urea content of the rations increased, the daily 
rate of gain and feed efficiency of the heifers decreased significantly. This de- 
creased rate of growth was evident throughout the experiment for the heifers 
fed high levels of urea nitrogen. Some differences between trials in respect to 
growth rate were observed, but these differences did not appear to be significant. 
As shown in Table 1, the grain rations were not supplemented with sulfur. It 
should be noted that as the urea content of the rations increased, the sulfur 
content decreased. Several workers, including Thomas et al (12), observed that 
rations fed to sheep containing urea require sulfur supplementation. Jones and 
Haag (8) reported inconclusive results which showed that sodium sulfate may 
improve the utilization of urea in a ration containing 3% urea and with an 
over-all sulfur content of 0.13%. Jones et al. (9) and Davis et al. (5) failed to 
confirm this observation. The type of ration fed and its original sulfur content, 
however, would be important factors in determining whether cattle need sulfur 
supplementation. 

If the sulfur content of Rations 2 and 3 had been equal to that of Ration 1, 
it is quite possible that these heifers would have shown improved growth rates; 
possibly equal to those of the heifers fed Ration 1. Studies are now in progress to 
test this hypothesis. 

The level of urea nitrogen intake had very little effect on the retention of 
nitrogen or the efficiency of nitrogen utilization (Table 3). This observation in 
relation to decreased growth rates with high-level urea feeding is difficult to 
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TABLE 3 
Effect of high-level urea feeding on the average nitrogen retention of growing dairy heifers 














Ration No. 





1 2 3 L.S.D. 
Daily nitrogen intake (g.) 100.5 99.5 95.9 N.S. 
Daily nitrogen excretion (g.) 54.1 49.3 50.8 N.S. 
Daily nitrogen retention (g.) 46.4 50.2 45.1 N.S. 
Retention of intake (%) 46.2 50.5 47.0 N.S. 





explain. Digestion trials were not conducted, but calculations based upon the 
total intake and excretion of dry matter (feces plus urine) failed to show any 
great differences among rations. Heifers fed Rations 1, 2, and 3 utilized 61.5, 
61.7, and 59.4%, respectively, of the dry matter intake. These differences among 
rations were not statistically different. 

The effect of high-level urea feeding on various blood nitrogen and protein 
-constituents is shown (Table 4). The high intakes of urea nitrogen did not have 


TABLE 4 


Effect of high-level urea feeding on the blood levels of urea nitrogen, serum nonprotein 
nitrogen, and serum protein of growing dairy heifers 


Group No. 








Weeks on 1 2 3 1 2 3 1 2 3 
experiment Urea nitrogen Nonprotein nitrogen Serum protein 
- — —(mg. %)——— —— -_— —( % )————_ 
0 16.4 16.7 16.8 28.0 27.5 26.7 7.09 7.08 6.70 
2 8.2 15. 3 11.8 22:1 24.7 24.8 6.87 6.67 6.49 
4 6.1 12.1 10.7 21.4 25.0 26.4 6.71 6.74 6.38 
6 5.9 11.0 1.7 20.0 25.9 27.3 6.94 6.87 6.42 
8 Re 12:2 5.7 22.6 24.2 25.8 6.65 6.66 6.49 
10 9.2 9.7 8.4 21.8 24.6 24.0 6.55 6.49 6.09 
12 9.4 11.1 12.0 23.7 25.1 27.9 7.05 6.75 6.55 
14 9.0 12.1 9.5 22.9 23.9 25.0 6.86 6.57 6.33 
16 7.4 6.9 9.5 19.7 21.6 24.6 6.71 6.71 6.30 
18 §.5 7.0 5.8 22.9 21.9 19.8 7.39 7.15 6.60 
20 8.7 i 7.2 20.8 21.8 17.0 7.02 6.69 6.19 
Average 7.5 9.3 9.5 21.8 23.9 24.3 6.87 6.73 6.38 
L.S.D.—1% N.S. 1.8 0.07 


a significant effect on blood urea nitrogen, although these differences did ap- 
proach significance. The concentration of blood urea nitrogen showed a tendency 
to increase as the intake of urea nitrogen increased. Similar significant trends 
existed for serum nonprotein nitrogen. The concentration of serum protein 
decreased significantly as the intake of urea nitrogen increased. These phenomena 
apparently indicated a disturbance of protein metabolism when high levels 


of urea were fed. 
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COTTONSEED MEALS AS THE PRIMARY PROTEIN SUPPLEMENT 
IN CONCENTRATE FEEDS FOR YOUNG CALVES?” 
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SUMMARY 

Responses of calves to starters containing cottonseed meals produced by different 
methods and coniaining different concentrations of free gossypol were investigated. 
Starters containing hydraulic-pressed cottonseed meai at levels of 40 and 60% were 
compared with similar starters containing a special serew-pressed cottonseed meal. Con- 
centrations of free gossypol in the starters were 0.107, 0.071, 0.035, and 0.023%, re- 
spectively. Corresponding mortality rates among calves consuming these starters ad 
libitum were 100, 50, 75, and 0%. There was a positive correlation between free- 
gossypol intake by the calves up to 48 days of age and subsequent mortality. The maxi- 
-mum safe intake of free gossypol during this period was approximately 140 mg. per 
ewt. per day. Comparisons of calf starters containing 40 and 60% of degossypolized 
(0.029% free gossypol) cottonseed meal with starters containing corresponding levels 
of solvent-extracted sovbean oil meal and with a starter having a blend, 40% of the 
former and 20% of the latter, revealed no significant difference in weight gains of calves 
during a 120-day period. Weight increases in these comparisons were similar to those 
from the starter containing the special screw-pressed cottonseed meal. The observations 
substantiate the prevalent view that young calves are highly sensitive to gossypol tox- 
icity, but the free-gossypol content of the cottonseed meals produced by improved proc- 
esses was sufficiently low to permit the use of these meals as the primary source of 
protein in practical calf starters. 


Cottonseed meal is recognized as an important source of protein in the 
diets of cattle older than 3 or 4 mo. For vounger eattle, however, 20% 
cottonseed meal in the concentrate mixture generally has been regarded as 
the maximum safe level. This is based on the observation that young calves 
are sensitive to cottonseed meal poisoning (4, 7, 8, 12, 18), which apparently 
is related to the gossypol content of the meal. Though feeding cottonseed 
meal ad libitum in conjunction with good-quality hay and liberal amounts of 
milk to calves as young as 39 days of age evoked no adverse responses (2, 8, 11), 
daily feeding of from 0.11 to 0.40 lb. of cottonseed meal dispersed in milk 
caused the death of 27 of 28 young experimental calves within a period of 
from 33 to 73 days (8) after initiation of feeding. The variability in responses 
of calves to cottonseed meal feeding under different dietary conditions raises 
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a question of whether or not gossypol intake is the primary etiological factor 
involved in the difficulties observed. Recent advances in cottonseed processing, 
resulting in the production of meals low in free gossypol and high in nutritive 
value for nonruminants, provide means of reappraising the relation of gossypol 
to the value of cottonseed meals in the diets of calves. 

Thus, the principal purpose of the work reported herein was to obtain 
information on the responses of young calves to concentrate feeds (starters) 
containing different kinds and amounts of cottonseed meals and different levels 
of free gossypol. 

EXPERIMENTAL PROCEDURES AND RESULTS 

The study consisted of two feeding trials, | and II, in which cottonseed 
meals produced by improved processing methods were compared with con- 
ventional types of oil-seed meals, either cottonseed or soybean. 


Trial I 


Procedure. In this trial, a special serew-pressed meal (low in free gossypol) 
was compared with a hydraulic-pressed meal (high in free gossypol), typical 
of the type commonly produced in the past. Comparisons of these two meals 
were made at levels of 40 and 60% in Starters 1 through 4 (Table 1). The 
resulting percentage of free gossypol in these mixtures ranged from a high of 
0.107 to a low of 0.023 (Table 2). Minimization of differences in amounts of 
protein in the four starters was effected through incorporation of soybean oil 
meal in those containing the lower levels of cottonseed meal. The concentrations 
of crude protein thus obtained in the starters were between 28.3 and 29.4%. 

Sixteen male calves, three replications of Holsteins and one of Jerseys, were 


TABLE 1 
Ingredient composition of starters used in testing the relative 
nutritional value of different cottonseed meals 





Proportions of ingredients used 























Starters of Trial I Starters of Trial IT 
Ingredients 1 2 3 4 5 6 7 8 9 
— _(€ t ——$—$ — 
Cottonseed meal (hydraulic, 

0.179% free gossypol)* 60.0 40.0 
Cottonseed meal (expeller, 

0.059% free gossypol)> 60.0 40.0 
Cottonseed meal (degossypolized, 

0.029% free gossypol)° pints! | caste Feed reales 0: 400) _..... wx. . 40.0 
Soybean oil meal ee ere: eecaccee. acoreees, GOD) 40.00 BO 
Ground yellow corn 18.5 21.0 18.5 21.0 18.5 28.5 18.5 28.5 18.5 
Rolled oats 18.5 21.0 18.5 21.0 18.5 28:5 18.5 28.5 18.5 
Steamed bonemeal 20: 220: 2: 20 2.0: 20: 2:0: 20 224 

no Tid iO 8. 2:66 Tigt ie 





Common salt Li®> he j 





@ Provided by National Cottonseed Products Association, Dallas, Texas. _ 

b Special screw-pressed, low-temperature-cooked meal supplied by USDA Southern Regional 
Research Laboratory, New Orleans, La. 

¢ Aromatic-amine treated. Produced and supplied by the Buckeye Cotton Oil Co., Cincin- 
nati, Ohio. 
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assigned at random to the starters. The animals were received at three days 
of age and were continued on experiment either until death ensued or until the 
scheduled terminal stage of 180 days of age was reached. The calves were 
retained throughout the trial in individual pens bedded with wood shavings. 


TABLE 2 


Periods of survival of calves receiving starters containing different sources and levels 
of cottonseed meals and having different concentrations of free gossypol, Trial I 























Starters Experimental calves Av. free-gossypol intake ewt/day 
By periods (days)> 
Free Identifi- Age at pee this 4 
No. gossy pol cation* death c_48 49-80 81-120 121-180 
(%) (days) —_—_—__—— (—.)--—_—_—— 
H-57 90 402 1,029 
os H-60 48 641 
. 0. 104 H-69 120 500 1,208 747 
J-67 120 325 1,199 825 
H-56 89 435 634 
9 0.071 H-62 Survived 142 477 712 721 
- , H-68 54 351 ; 
J-58 Survived 473 754 824 812 
H-55 80 141 333 
3 0.035 H-59 132 162 238 191 
: i H-66 Survived 113 192 321 310 
J-63 81 227 419 ; wR 
H-54 Survived 55 257 216 200 
4 0.023 H-64 Survived 40 105 233 215 
: H-65 Survived 76 173 240 197 
J-70 Survived 72 257 265 249 





* H =Holstein and J=Jersey. Sequence in each group corresponds to replications. 

> Periods relate to initiation of a sequence of deaths: Two calves died between 48 and 56 
days, four between 80 and 90 days, and three between 120 and 132 days. 

° Rates in first period were calculated on the basis of number of days after calves began 
eating starters, consumption of which was initiated from four to 11 days of age. 


The dietary regimen was typical of that employed in conventional calf hus- 
bandry. Fresh whole milk was fed via a nipple pail, at the daily rate of 10 lb. 
per ewt. of the calf, during the first 30 days. Thereafter, the allotment was 
reduced daily through the 36th day, after which milk feeding was discontinued. 
During the milk-feeding period, calves received 10,000 I.U. of vitamin A and 
2,700 I.U. of vitamin D daily. Good-quality alfalfa hay was offered free choice 
to the calves throughout the time they were on experiment. After the initial 
four to 12 days of the experimental period, one of the aforementioned starters 
was fed to each calf in amounts commensurate with its daily consumption. 


Responses of the calves to the experimental diets were indicated by starter 
consumption, by changes in body weight and in clinical health, and by post- 
mortem lesions. Consumption of hay was not recorded. Each calf was weighed 
when it was assigned to the experiment and at weekly intervals thereafter. 
All animals were examined twice daily to note any evidence of abnormalities. 
Special attention was given to the recording of the incidence and severity of 
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diarrhea. Calves that died during the trials were autopsied, and samples of liver 
were collected from representative individuals for histological examination. 

Results. Since mortality was high among the calves in Trial I, emphasis 
is given primarily to the relationship of diets to health and survival, and see- 
ondarily to starter consumption and growth. 

(a) Mortality rate. The death rate was strikingly high (Table 2), particu- 
larly in the group receiving Starter 1, which group was followed in decreasing 
order by those fed Starters 3 and 2, respectively. The deaths, which occurred 
between 48 and 132 days of age, inclusively, were distributed as indicated 
(footnote b, Table 2). There was a significantly (P<0.05) positive correlation 
between the free-gossypol intake during the initial period, to 48 days of age 
of the calves, and subsequent mortality. With the notable exception of H-62 
and J-58 (Starter 2), all calves that ingested free gossypol at an average rate 
of more than 140 mg. per day per ewt. of animal during this initial consump- 
tion period died. After this first stage, the relationship between free-gossypol 
intake and death incidence was more variable. 

(b) Symptoms. Of the calves that died, the most common antemortem 
symptom was the development of an erratic appetite from 1 to 2 wk. before 
death. During the terminal two days, abdominal pains and dyspnea were 
evidenced frequently. In two individuals, however, there were no premonitory 
symptoms prior to death. Incidences of gross postmortem lesions (Table 3) 
show that blood abnormally bright-red in color and extremely slow in coagu- 
lation, hydroperitoneum, and hydrothorax were common in almost all the calves. 
Other lesions varied not only in incidence but in severity. Histological studies 
of liver tissues from representative calves revealed fatty degeneration. 


TABLE 3 


Summary of autopsy findings in nine calves that died during Trial I 

















Incidence 
Macroscopic lesions No. Percentage 
Blood, bright-red and incompletely coagulated 9 100 
Serous fluids in abdominal cavity 9 100 
Serous fluids in thoracic cavity 8 89 
Enteritis 7 78 
Lungs, congested 6 67 
Abomasitis 6 67 
Subcutaneous edema 6 67 
Kidneys, edematous 5 56 
Suggillations of the arterio-ventricular valves of the heart 5 56 
Intestines, edematous 4 44 
Epicardial fat, petechiated 3 33 
Liver, enlarged and hardened 2 22 
Lungs, hepatization of parts 2 22 
Epicardial fat, edematous 2 22 
Mesentery membrane, hemorrhagic areas ‘ 22 
Spleen, petechiated 2 22 








Among the survivors, unthrifty appearance, as manifested by harsh coats 
and paunchiness, was common to all. Incidence of diarrhea was low and inter- 
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mittent except in Calf J-58, in which scours were chronic after about the 50th 
day of the trial. 

(c) Starter consumption and weight gains. Starter intakes and resulting 
gains (Table 4) reveal considerable intragroup variation, as well as intergroup 
differences. The time necessary for the daily intake to increase to 3 lb. was 


TABLE 4 


Rates of consumption of starters having different sources and levels of cottonseed meals, 
and associated rates of gains in weight of f calves, Trial I 











Rates of sts arter consumption Rate S a 8 1in 
Began con- By pe sriods (days)°* By pe rriods (day ays)° 
Starter Calf sumption — - —— — ——— 
No. No 3lb/day> ¢48 49-80 81-120121-180 448 49-80 8I- 120 1 21- 180 
(day) (lb, day/ cwk ) (lb/day) 
H-57 45 0.83 2.12 Dead 0.9 0.8 Dead 
1 H-60 40 1.23 Dead 1.2 + ud 
H-69 53 1.03 2.49 1.54 Dead 1.0 3 0.8 Dead 
J-67 53 0.67 2.47 1.70 #£Dead 0.7 L 0 0.2 Dead 
H-56 39 1.35 1.97 Dead 1.3 &3 Dead 
9 H-62 71 0.44 1.48 2.21 2.24 0.6 0.7 1.3 2.1 
- H-68 (e) 1.09 Dead y 1.0 Dead : 
J-58 40 1.47 2.34 2.56 2.52 1.0 1.0 1.2 2.0 
H-55 48 0.89 2.10 Dead 1.3 1.8 Dead . 
3 H-59 41 1.02 1.50 1.20 Dead 1.0 0.8 0.7 Dead 
: H-66 82 0.71 1.21 2.02 1.95 1.3 ye 1.3 2.5 
J-63 41 1.43 2.64 Dead : 0.9 0.5 Dead 
H-54 49 0.53 2.46 2.07 1.92 0.4 1.3 0.8 | 
4 H-64 83 0.38 1.01 2.23 2.06 0.8 1.2 1.9 2.8 
H-65 57 0.60 1.66 2.29 1.89 vi 1.5 2.5 2.5 
J-70 80 0.93 2.46 2.54 2.39 os tt @© &8 





* H =Holstein and J =Jersey; sequence in each group corresponds to replications. 
> Initial age when consumption of starter increased to the rate of 3 lb/day for two successive 


days. 
© Periods related to survival of calves (see Table 2). 
4 Calculations for the initial period based on days after calves began consuming starters. 
© Calf died before daily consumption reached 3 Ib. 


extremely variable, ranging from 39 to 83 days. Of the groups in which death 
occurred, the survivors, except J-58 of Group 2, were slow in reaching the 3-lb.- 
per-day level. Generally, there was decreased consumption of starters and either 
a retardation in the rate of gain or a slight loss of weight in the terminal stages 
of the lives of calves that died during the trial. Among the surviving calves 
in all dietary categories, the maximum rate of starter intake occurred, for the 
most part, between 81 and 120 days; whereas, the most rapid gains were during 
the concluding 60 days of the trial. Gains did not reveal any distinet differences 
attributable to diet. 
Trial II 


Procedure. Although results from Trial I suggested that the primary factor 
in the cottonseed-meal diets affecting the responses of young calves was the free- 
gossypol intake, the quality of the protein, apart from the gossypol, possibly 
was involved also. Thus, in Trial II a commercial degossypolized cottonseed 
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meal was compared with a solvent-extracted soybean oil meal and with a mixture 
of these two meals. The percentages of the respective meals incorporated in the 
experimental Starters 5 through 9 are shown (Table 1). Since the crude pro- 
tein concentrations were not equated in these starters, those having 40% oil 
meal contained 22.5% protein and those having 60%, 29.4% protein. 

Four complete replications of calves, two of Holsteins, one of Ayrshires, 
and one of Jerseys, were assigned at random to the starters. An incomplete 
replication of Guernseys also was represented in each dietary group except 
6 and 9. The calves were under experimental conditions from the age of three 
to 120 days. Feeding and management were as described for calves in Trial I. 

Results. The primary criteria of responses to the diets studied in this trial 
were apparent health, starter ingestion, and weight gains. 

(a) General health. Though all calves survived, the predominance of rough 
coats and of paunchiness, as noted in Trial I, was evident in all dietary groups 
throughout Trial Il. The incidence and the severity of these abnormalities were 
about equal among the various dietary groups. Occasional diarrhea occurred in 
calves of all regimens but apparently did not affect any animal severely. 

(b) Starter consumption and weight gains. A summary of the quantities of 
starters consumed and the gains in weights of calves in the various dietary 
groups (Table 5) reveals no significant differences. Neither the starter intake 
nor the weight increase was affected significantly, either by the kind of oil meal 
or by its concentration in the mixture. 


TABLE 5 
Intakes and gains of calves fed starters containing various oil meals 
present in different concentrations in the diet, Trial II* 





























Total starter Total gain in 
Starters consumption /calf wt/calf 
Oil meal used 

Kind Concentration No. Av. Range Av. Range 

(%) (lb.) 
Degossypolized cottonseed meal 60 5 273 221-343 116 87-163 
40 6 289 220-363 135 99-171 
Av. 280 AN 124 ates 
Soybean oil meal 60 7 294 211-375 142 97-165 
40 8 260 182-353 140 ~=108-188 
Av. ; ae? + ee 141 ie TA 
Cottonseed and soybean 40C.and208. 9 289 141-344 133 96-174 





® Duration of trial, three to 120 days of age. 


DISCUSSION 


Responses of calves to starters containing different concentrations of free 
gossypol substantiate the generally accepted view that the young calf is more 
susceptible to gossypol toxicity than is the older calf. On the basis of the relation- 
ship of age to the tolerance of free-gossypol ingestion, the responses correspond 
to the functional development of the rumen. Conceivably, free gossypol may be 
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diluted in the rumino-reticular contents and either complexed with rumen con- 
stituents or disintegrated to the extent that the rate and the degree of absorption 
of free gossypol are reduced, resulting in tolerable systemic concentrations. 

Evidence that the lethality of gossypol ‘s closely related to its concentration 
in the blood was indicated by the immediate manifestations of toxicity when 
gossypol was injected directly into the blood stream of rabbits (10). Therefore, 
a logical assumption is that conditions retarding absorption would tend to 
reduce the hazards of diets containing free gossypol. 

The individual differences in responses to free-gossypol intake, Trial I, are 
in harmony with observations by Leighton et al. (9). Their findings indicated 
further that Jerseys may be more tolerant than Holsteins to gossypol, but the 
data from Trial I are inadequate to elucidate this point. Though many factors 
may contribute, either directly or indirectly, to variability in reactions of indi- 
viduals to ingested free gossypol, incidence of scours may be one of the condi- 
tions commonly involved. The possibility of scouring interfering with gossypol 
absorption is indicated by the apparent immunity of a diarrhetie calf, J-58, 
which consumed relatively large amounts of free gossypol. 

Indefiniteness of available information on the role of different factors 
affecting responses of calves to free-gossypol consumption renders difficult the 
estimation of the maximum intake tolerated. Results from Trial I indicate 
that a mean daily intake of free gossypol exceeding 140 mg. per ewt. during 
the initial starter-consuming period of from 5 to 6 wk. in the first 7 wk. of the 
life of the calf is likely to be lethal. In Trial I, survival was 100% only from 
the mixture having the lowest level, 0.023%, of free gossypol. The fact that both 
milk and hay also were included in the diets of the calves during the first 5 
wk. of the trials suggests that the safe concentration of free gossypol in the total 
feed ingested probably was near 0.01% level tolerated by fattening-growing 
pigs (5). 

Though the concentration of free gossypol in the starters was related posi- 
tively to the mortality of the calves, the gossypol intake apparently had little 
effect on the appetite and the growth response of the calves prior to the mani- 
festation of clinical symptoms of gossypol toxicity. The syndrome was typical, 
for the most part, of that usually reported (3, 8, 9, 16-18). One possible excep- 
tional observation was the retardation of the coagulation of the blood of calves 
autopsied. This characteristic of the blood suggested that large intakes of free 
gossypol may interfere with coagulation. Harms and Holley (6) reported that 
gossypol produced hypoprothrombinemia in rabbits and pigs. Exploratory tests 
of the blood from calves in Trial I indicated a tendency for the higher intakes of 
free gossypol to increase the clotting time. However, further investigations are 
necessary to clarify this suggested tendency. 

Recent studies with swine (5, 15) and rats (1, 14) indicate that the quality 
of proteins and their concentrations in the diets may modify the effects of in- 
gested free gossypol. Comparisons of survival in dietary groups 2 and 3 of 
Trial I indicated a possible advantage of a blend of cottonseed meal and soybean 
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oil meal over cottonseed meal as the only supplement. This suggested difference, 
however, was not reflected in the comparative growth responses from starters 
containing degossypolized cottonseed meal, soybean oil meal, and a blend of the 
two meals, Trial II. Free-gossypol intakes in this trial possibly were too low 
and the levels of protein too high to provide a crucial test of the relationship of 
dietary proteins to the gossypol syndrome in the young ealf. 

The similarity of the gains among calves in all dietary groups of Trial II 
indicates that the degossypolized cottonseed meal was as satisfactory as the 
soybean oil meal in providing the primary source of protein in calf starters. 
This is in accord with the findings of Rusoff et al. (12) when antibiotics were 
not fed, but when their calf diets were supplemented with aureomycin, the 
superiority of soybean oil meal was indicated. In Trial I, the weight increases 
(average 140 lb. in 120 days) of calves receiving the starter containing the 
special screw-pressed meal at the 40% level were within the range of gains 
noted in dietary groups of Trial Il. Thus, the data reported herein indicate 
that both the new cottonseed meals, the special serew-pressed and the degossy- 
polized, would be acceptable as primary sources of protein, even at concentra- 
tions greater than commonly used, in starters for young calves. 
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STUDIES ON THE EXPERIMENTAL PRODUCTION AND PREVENTION 
OF BLOAT IN CATTLE. II. THE INFLUENCE OF DEHYDRATION 
ON THE BLOAT-PRODUCING ABILITY OF ALFALFA! 


J. M. BODA 


Department of Animal Husbandry, University of California, Davis 


SUMMARY 


This study, in comparing the bloat-producing ability of alfalfa before and after 
commercial dehydration, demonstrates that this process greatly reduces the ability of 
alfalfa to produce bloat. A coincident study was made of the effect of fresh and de- 
hydrated alfalfa on ruminal motility and eructation in one cow. In the first trial, fresh 
alfalfa was assayed for three consecutive days, following a four-day preliminary period, 
using eight bloat-susceptible cattle. Alfalfa, collected from the same field on the second 
day of the assay period, was dehydrated for the subsequent comparative trials. The 
fresh alfalfa was fed ad libitum for 2-hr. periods, at 8 a.m. and at 1 p.m. Alfalfa con- 
sumption for each cow was determined. The degree of bloat was estimated with a tym- 
panometer. The same procedure was followed in assessing the dehydrated alfalfa, except 
that each cow’s intake was limited on the basis of dry matter to the amount of fresh 
alfalfa consumed previously. The average, maximal, intrarumen gas pressures attained 
were 27 mm. Hg above atmospheric pressure with fresh alfalfa, and <5 mm. Hg after 
receiving dehydrated alfalfa. It is suggested that a partial explanation for this reduc- 
tion of bloat associated with dehydration may be a denaturation of water-soluble plant 
protein. 





EXPERIMENTAL PROCEDURE 


Influence of fresh alfalfa on bloat. Thirteen dry Jersey cows were placed 
in a dry lot and fed individually, in stanchions, a known amount of fresh 
alfalfa ad libitum for 2 hr. at 8 a.m. and again at 1 p.m. The alfalfa was har- 
vested in the prebloom stage of maturity from the same field at approximately 
7 A.M. each morning with a Gehl standard fly-wheel type forage harvester. The 
upper 4 to 6 in. of the alfalfa plants were collected and chopped. Samples were 
taken at each cutting for moisture analysis. The fresh alfalfa contained, on 
the average, 15.2% dry matter. At the end of each 2-hr. feeding period, alfalfa 
consumption was determined for each animal and they were released from the 
stanchions and allowed free access to water. Supplemental feed was not given. 
Thirty minutes after the start of each feeding period, and at 15-min. intervals 
thereafter, until intrarumen gas pressure returned to prefeeding levels, the 
degree of bloat was estimated with a tympanometer (8) when the rumen was 
not contracting. When the intrarumen pressure attained 50 mm. Hg above 
atmospheric pressure, bloat was considered dangerous and treatment was initi- 
ated. This consisted of the intrarumen administration of 100 ml. of vegetable 
oil (Wesson). 


Received for publication March 12, 1957. 


*In cooperation with the Animal Disease and Parasite Research Branch, Agricultural 
Research Service, U. S. Department of Agriculture. 


295 








296 J. M. BODA 


The total experimental period lasted seven days, including a preliminary 
period of four days (July 25 through July 28). At the end of the preliminary 
period, the cows had attained a fairly stable alfalfa intake, and moderate bloat 
occurred in most of the animals. At this time, the five animals least susceptible 
to bloat were discarded. 

‘he bloat-producing ability of the fresa alfalfa was assessed during the 
last three days of the ex ciimental period (July 29 through July 31). On 
July 320, ecrvors! cons of alfalfa were harvested and then dehydrated and pel- 
.eted for the subsequent comparative trial on the bloat-producing ability of 
this material. 

Influence of dehydrated, pelleted alfalfa on bloat. The experimental proce- 
dure followed in this phase of the investigation was nearly identical to that 
outlined above. However, the dehydrated alfalfa intake of each cow during the 
2-hr. feeding periods was limited, on an oven-dry basis, to the amounts of fresh 
material consumed during the preceding trial. Thus, the dry matter intake 
‘for each animal at cach feeding period in both trials was nearly the same. The 
experimental period lasted seven Gays, consisting of a four-day preliminary 
period (August 5 through August 8) and a three-day period (August 9 
through August 11), when the bloat-producing ability of dehydrated alfalfa 
was evaluated and compared with that observed on fresh alfaifa. Again, the 
degree of bloat was estimated using the tympanometer (8). 

Influence of fresh vs. dehydrated alfalfa on ruminal motilite: anc cr actation. 
In addition to the trials just cn‘hine’, a coiiiciaent study was made of the 
influence cf botiu tie tresh and dehydrated alfalfas on ruminal motility and 
eructation. One dry Jersey cow (897) was used in this phase of the investi- 
gation. The preparation of the animal and the apparatus employed have been 
deseribed in pre-ious papers (1, 4). 

Cow 897 was subjected to the same feeding procedure as in the trials just 
described, except that the individual feeding periods were reduced to 1 hr. 
when fresh alfalfa was fed and to 14 hr. during the dehydrated alfalfa trials, 
to allow a measurement of eructation as soon as possible after the entrance of 
food into the rumen. Again, the amount of dehydrated alfalfa fed was limited 
to the amount of fresh material consumed (on the basis of dry matter). How- 
ever, the former was consumed more rapidly and the feeding periods could 
be reduced to 1% hr. Six trials were conducted using Cow 897, in addition to 
the four-day preliminary periods, three trials using the fresh alfalfa harvested 
on July 29, 30, and 31, and three trials using the dehydrated, pelleted alfalfa 
harvested on July 30. The average dry matter consumption during the six 
trials was 4.6 lb. The total daily alfalfa intake was limited to 9.2 lb. of dry 
matter. 


RESULTS 


Influence of fresh vs. dehydrated alfalfa on bloat. The maximal intrarumen 
gas pressures attained, as well as the dry matter intakes, for each animal fed 
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TABLE 1 
Comparative effects of freshly chopped alfalfa and of ground, dehydrated, peileted 
alfalfa upon the maximal intrarumen gas pressure of dairy catt.e 











Fresh alfalfa Dehydrated alfalfa 
Dry Maximum Drv Maximum 
Cow matter intrarumen matter intrarumen 
No. Date intake pressure Date intaxe pressure 
(1956) (lb.) (mm. Hg) (1956) (lb.) (mm. Hg) 
t 7-29 8.2 5 8-9 7.5 <5 
7-30 10.0 11 8-10 7.5 <5 
7-31 7.8 27 8-11 9.3 <5 
47 7-29 4.5 14 8-9 7.5 <5 
7-30 7.8 21 8-10 6.5 6 
7-31 7.9 23 8-11 7.5 6 
50 7-29 4.9 28 8-9 3.7 <5 
7-30 8.0 19 8-10 0.9 <5 
7-31 5.8 40 8-11 4.7 <5 
54 7-29 4.2 39 8-9 UA <5 
7-30 7.2 32 8-10 7.5 <5 
7-31 5.9 50" 8-11 8.4 <5 
58 7-29 6.1 36 8-9 7.5 7 
7-30 6.5 27 8-10 7.5 7 
7-31 7.3 40 8-11 10.3 <5 
70 7-29 4.4 16 8-9 6.5 <5 
7-30 6.3 24 8-10 3.7 <5 
7-31 8.0 23 8-11 7.5 <5 
79 7-29 4.2 36 8-9 7.5 6 
7-30 8.6 12 8-10 7.5 <5 
7-31 7.2 32 8-11 5.6 <5 
112 7-29 3.5 29 8-9 2.8 6 
7-30 6.2 26 8-10 7.5 <5 
7-31 5.5 36 8-11 4.7 <5 





® Treated for bloat by administration of 100 ml. of vegetable oil via stomac!h tube. 


alfalfa before and after dehydration appear in Table 1. The average maximal 
intrarumen pressure was much greater when fresh alfalfa was fed (27 mm. Hg 
as compared with less than 5 mm. Hg above atmospheric pressure on the dehy- 
drated material). In most cases, the intrarumen pressures reached a maximum 
from 90 to 120 min. after the start of the feeding period. Only the data ob- 
tained at the morning feeding periods are included in Table 1. Although alfalfa 
consumption was approximately the same during the afternoon, bloat was not 
so severe, in most animals, as in the morning. In some animals the consumption 
of dehydrated alfalfa for a particular day was considerably less, on the basis of 
dry matter (Cow 50, July 30, for example), than the previous intake of fresh 
alfalfa, because of the relative unpalatability of the former. However, the 
average intakes were nearly equivalent—6.50 Ib. of fresh alfalfa, 6.55 lb. of 
dehydrated alfalfa. 

When fresh alfalfa was fed, one of the animals (Cow 54) bloated rather 
severely on six occasions. On two of these occasions the degree of bloat ap- 
proached dangerous levels. Arbitrarily, when the pressure within the rumen 
reached a level of 50 mm. Hg above atmospheric pressure, treatment was initi- 
ated. This consisted of the intrarumen administration (via stomach tube) of 
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Fig. 1. Average changes of intrarumen pressure with time after feeding fresh alfalfa 
for Cow 54 on four oceasions without treatment, as compared with the changes of pressure on 
two occasions when bloat was treated by the intrarumen administration of vegetable oil. 


100 ml. of vegetable oil (Wesson). Figure 1 presents the average intrarumen 
pressures of Cow 54 at 15-min. intervals following the start of the feeding 
period for the four occasions when oil was not given, as well as the pressure 
changes before and after oil administration on the two occasions when treat- 
ment was necessary. During the latter occasions, there was a rapid reduction 
of pressure resulting from large eructations which followed the administration 
of oil. This rapid fall of intrarumen pressure is in marked contrast to that 
associated with the spontaneous recovery from bloat, as shown on the four occa- 
sions when oil was not given. These observations are similar to those reported 
by Johns (7) in eattle fed red clover, and indicate that the formation of a 
stable intrarumen foam was responsible for the bloat. The average rise and 
fall of intrarumen pressure following the feeding of fresh alfalfa for Cow 54 
(as depicted in Figure 1) was typical of that observed in the other experimental 
animals. 

Influence of fresh vs. dehydrated alfalfa on ruminal motility and eructation. 
The average levels of resting intrarumen gas pressure, rate of ruminal con- 
tractions, interval between eructations, and the amount of gas eructated for 
Cow 897 during consecutive 20-min. periods after feeding fresh as compared 
with dehydrated alfalfa are presented (Figure 2). Each curve represents the 
average values obtained in three trials. Bloat did not occur in any of the trials, 
the intrarumen gas pressure remaining considerably below atmospheric pres- 
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Fig. 2. Average variations of intrarumen pressure, eructation, and ruminal motility of 
Cow 897, after feeding fresh as compared with dehydrated, pelleted alfalfa. 


sure (Figure 2a). Likewise, the rates of ruminal contractions were nearly the 
same in all trials (Figure 2b). The amount of gas expelled through eructation 
(Figure 2c) and, thus, the ruminal gas production, since the intrarumen gas 
pressure remained constant (Figure 2a), was greater on fresh as compared 
with dehydrated alfalfa for the period from 90 to 200 min. after feeding. 
Whether or not total gas production during the entire period of the trials was 
greater on the fresh alfalfa can not be determined from the data, since the gas 
eructated during the first hour after feeding fresh alfalfa and during the first 
14 hr. after feeding dehydrated alfalfa could not be collected. However, it 
would appear either that more gas is produced per unit of dry matter from 
fresh alfalfa during the period of the trials, or that there is a considerable 
lag in gas production on fresh in comparison with dehydrated alfalfa. The 
former would seem to be more correct in view of previous reports, which have 
demonstrated meximal gas production during the first 90 min. after feeding 
fresh alfalfa (3). In contrast to the steady decrease of eructation rate on dehy- 
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drated alfalfa, the interval between eructations in the fresh alfalfa trials re- 
mains quite constant (Figure 2d). This is responsible for the low intrarumen 
pressures observed in the latter, which occur in spite of the relatively high 
level of gas production. 


DISCUSSION 


Results of this investigation demonstrate that, at the levels fed, commercial 
dehydration and pelleting reduce the bloat-producing ability of fresh alfalfa. 
Previous work has indicated that other methods of dehydration may have a 
similar effect. Thus, Mead, Cole, and Regan (10) observed that alfalfa tops 
dried in a fruit dehydrator produced only two slight cases of bloat when fed 
to three cows over a four-day period. Control data were not reported. Johns 
(7) found a slight inverse relationship between the severity of bloat and the 
dry matter content of wilted, red clover. However, some animals developed 
moderate to severe bloat when fed sun-cured red clover hay. Sun-curing may 
‘have different effects on plant constituents than dehydration and these results 
may not be comparable to those reported in this paper. However, we have 
observed mild bloat in cows fed relatively large amounts of dehydrated alfalfa 
meal (1). 

The factors responsible for reducing the capacity of dehydrated alfalfa to 
produce bloat are not evident from the data presented. Since bloat did not 
occur on the dehydrated material, either the amount of gas produced per unit 
of dry matter was less and/or the efficiency of eructation was greater than on 
the fresh alfalfa. The measurements of ruminal gas production and eructation 
using Cow 897 seem to indicate that less gas was produced per unit of dry 
matter from the dehydrated alfalfa. However, as mentioned previously, this 
may not be true, because the gas produced and eructated during the first hour 
after feeding fresh alfalfa was not collected. A comparison of the eructation 
efficiency of Cow 897 after receiving the two types of alfalfa does not reveal 
any differences, because this particular animal did not bloat on either material, 
possibly because of the relatively small amount of alfalfa consumed. 


If a reduction of ruminal gas production is not the complete explanation 
for the lack of bloat associated with dehydrated alfalfa, eructation must have 
been more efficient, probably because a stable foam did not develop within the 
rumen. Most investigators agree that the formation of a stable intrarumen foam 
which interferes with eructation is responsible for bloat on fresh legumes (35). 
The question is, how does dehydration interfere with the formation of this 
foam? Clark and Weiss (2) and Weiss (12) have reported that the formation 
of a stable foam from fresh legumes depends upon an increase of the consistency 
of ruminal ingesta resulting from a lack of coarse material, which normally 
initiates salivary secretion by stimulating receptors in the mucous membranes 
of the rumen. Hungate et al. (6) have postulated that specific slime-producing 
bacteria within the rumen are responsible for the production of foam. Quin 
(12) and Lindahl et al. (9) have suggested that plant saponins may contribute 
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to the formation of a stable intrarumen foam. In the investigation reported in 
this paper, it would seem that these factors do not explain the marked difference 
in the severity of bloat attained on fresh as compared with dehydrated alfalfa. 
The latter was ground before pelleting and should be no more effective than the 
fresh material in stimulating the rumen to initiate a reflex secretion of saliva, 
although it is possible that the dry nature of the dehydrated alfalfa might cause 
a considerable production of saliva. Presumably, dehydration does not change 
the saponin content of the alfalfa or its ability to induce the formation of a 
specific type of rumen microorganism. Another constituent of legumes which 
may be responsible for the production of foam, and thus play an important 
role in the etiology of bloat, is water-soluble plant protein. In a previous investi- 
gation (1), it was found that bloat could be produced in cattle fed dehydrated 
alfalfa by drenching with soluble protein (fresh eggwhite). The eggwhite 
resulted in the formation of a stable foam which interfered with eructation. 
It is conceivable that dehydration may reduce the bloat-producing ability of 
alfalfa by causing a denaturation of soluble protein. 
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EFFECT OF CERTAIN ACUTE STRESS CONDITIONS ON THE 
PLASMA LEVELS OF 17-HYDROXYCORTICOSTEROIDS 
AND PROTEIN-BOUND IODINE IN 
DAIRY CATTLE! 


W. G. ROBERTSON,’ J. P. MIXNER, W. W. BAILEY,’ anp H. D. LENNON, JR. 


New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 

Levels of plasma 17-hydroxycorticosteroids and protein-bound iodine were determined 
in 21 dairy cows suffering from various acute stress conditions, including surgery, acute 
mastitis, milk fever (parturient paresis), uterine prolapse, retained placenta, and me- 
tritis. The mean level of plasma 17-hydroxycorticosteroids in the animals under stress 
(11.95 pg. %) was elevated markedly over that of 20 normal cows (mean of 4.58 yg. %) ; 
whereas, the level of plasma protein-bound iodine in the cows under stress (3.63 pg. %) 
was not significantly lower than that of the control cows (4.22 yg. %). 





It is established that various stressful conditions will cause elevated levels 
of plasma 17-hydroxycorticosteroids. Franksson and Gemzell (6) and Franksson 
et al. (7) have shown that preoperative anxiety as well as surgery in man caused 
elevated levels of plasma 17-hydroxycorticosteroids. Sandberg et al. (15) found 
that human patients postoperatively failed to metabolize hydrocortisone as 
rapidly as preoperatively, and that this may have contributed to elevated levels 
of 17-hydroxycorticosteroids following anesthesia, during and after surgery. 
Sandberg et al. (14) reported that dying human patients cleared intravenous 
hydrocortisone from the plasma at reduced rates and thus contributed to the 
rise in plasma levels of the corticoids in these patients. Tyler et al. (17) found 
that impaired liver function as shown by bromsulphalein was directly related 
to postoperative rises in plasma 17-hydroxycorticosteroids in man. Robertson 
et al. (11) have reported that the disease of ketosis in dairy cattle is associated 
with elevated levels of plasma 17-hydroxycorticosteroids and lowered levels of 
plasma protein-bound iodine, and that such animals also exhibited impaired 
liver function as measured by bromsulphalein fractional clearance (13). 

Recent work suggests that stressful agents and adrenocortical hormones have 
a depressing effect upon thyroidal activity. Williams et al. (18) have shown 
that adrenaline, typhoid vaccine, and trauma depressed the rate of I'*! uptake 
by the thyroid, and Paschkis et al. (10) and Bogoroch and Timiras (2) have 
shown that formalin injections have a similar action also in rats. Fasting has 


Received for publication October 14, 1957. 

‘Paper of the Journal Series, New Jersey Agricultural Experiment Station, Rutgers Uni- 
versity, The State University of New Jersey, Department of Dairy Science, New Brunswick. 
This work was supported in part by a grant from Merck Sharp & Dohme Research Laboratories, 
Division of Merck & Company, Rahway, New Jersey. 

* Present address: Schering Corporation, Bloomfield, New Jersey. 


* Practicing veterinarian, Sussex, New Jersey. 


302 











PLASMA 17-OH-CS LEVELS AND PROTEIN-BOUND IODINE IN CATTLE 303 


been shown by Bondy and Hagewood (3) to decrease protein-bound iodine in 
rats and by Mixner et al. (9) in dairy bull calves; whereas, Blincoe and Brody 
(1) report that starvation of cows caused a marked decline in thyroid uptake 
of [31. Engstrom and Markardt (5) reported that uncomplicated surgical stress 
or acute medical illness in man was not associated with abnormal serum-precipi- 
table iodine, whereas chronic illness and hypoalbuminemia were associated with 
low serum-precipitable iodine. Sherer and Siefring (16) have reported that 
prednisone and prednisolone in humans depressed serum protein-bound iodine, 
thyroidal 24-hour I'*! uptake, and the rate of secretion of hormonally bound I['*?, 

This study reports the effects of a variety of acute stressful conditions in 
dairy cattle on plasma levels of 17-hydroxycorticosteroids and protein-bound 
iodine. 


METHODS AND PROCEDURES 


The 21 cows under stress in this study were located in private dairy herds 
which were under the veterinary supervision of one of the authors (W.W.B.), 
who made the diagnosis in each case. These animals were acutely ill (all chronic 
illnesses were excluded) and were animals which had calved within 6 wk. The 
20 normal animals in this series also had calved within 6 wk. Both groups 
were composed of animals of the Holstein and Guernsey breeds. 

Blood glucose and acetone were determined on all blood samples and in all 
instances were found to be in the normal range. Plasma 17-hydroxycortico- 
steroids (17-OH-CS) were determined by the method of Robertson and Mixner 
(12) and plasma protein-bound iodine (PBI) by the method of Brown et al. 
(4) as modified by Lennon and Mixner (8). 


RESULTS AND DISCUSSION 


The data are summarized (Table 1). The 21 animals under stress had a 
mean 17-OH-CS level of 11.95 yg. %, which was significantly higher than the 
mean of the normal level (20 cows) of 4.58 pg. % (P<0.01). The mean plasma 
level of PBI in the animals under stress (3.63 pg. %) was lower than the mean 
of the normal animals (4.22 wg. %), but the difference was not statistically 
significant (P>0.05). 

These data clearly indicate that there are a variety of acute stressful condi- 
tions in dairy cattle which are associated with marked increases in plasma 
levels of 17-OH-CS and at the same time having very little, if any, effect on the 
level of PBI. It is not known to what extent actual adrenocortical stimulation 
and possible depression in rate of peripheral utilization of the endogenous 
corticoids interacted to cause the elevated levels of 17-OH-CS in the animals 
under stress. However, the stressful situations were known to be acute and 
had existed for only short periods of time. This may have been the reason 
that mean PBI level was not markedly depressed in the animals under stress, 
as might have been expected if the stresses had been chronic ones (35). 
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TABLE 1 
Plasma levels of 17-hydroxycorticosteroid and protein-bound iodine 
in normal dairy cows and cows under stress 











Animal group Plasma Plasma 
andcownumber 17-OH-CS PBI Diagnosis or remarks 
—- —(ug. %)J—— 
Normal cows 4.58 4.22 Values are the means for 20 normal cows 
Cows under stress 
1 12.34 4.96 Acute mastitis, temp. 105.6° F. 
2 15.55 4.27 Acute mastitis, scours, temp. 105° F. 
3 9.47 4.31 Hardware, mastitis, temp. 106° F. 
t 11.14 2.83 Acute mastitis, temp. 106° F. 
5 17.24 1.60 Acute mastitis 
6 10.63 4.04 Acute mastitis, temp. 104.6° F. 
7 8.75 4.66 Milk fever (parturient paresis) 
8 8.56 2.14 Milk fever (parturient paresis) 
9 9.41 2.34 Milk fever (parturient paresis) 
10 18.29 3.91 Retained placenta, nephritis, metritis 
11 12.39 2.55 Retained placenta, pyelonephritis 
12 6.58 1.98 Retained placenta, metritis, mastitis, temp. 
104° F. 
13 6.60 3.53 Retained placenta, metritis 
14 7.86 1.65 Retained placenta 
15 14.21 8.92 Metritis, toxemia 
16 13.09 2.01 Complete uterine prolapse 
17 13.58 4.42 Rumenotomy, traumatic gastritis 
18 17.84 9.19 Rumenotomy, traumatic gastritis 
19 7.01 2.38 Rumenotomy, traumatic gastritis 
20 8.67 5.36 Hardware in rumen 
21 21.78 2.87 Listerelosis 
Means of 21 cows 
b under stress 11.95 3.63 
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PHENOLSULFONPHTHALEIN FRACTIONAL CLEARANCE IN DAIRY 
CATTLE AS A MEASURE OF RENAL FUNCTION! 


J. P. MIXNER anpb R. R. ANDERSON 


New Jersey Agricultural Experiment Station, Sussex 


SUMMARY 


A new test for renal function in dairy cattle has been devised, based on the rate 
of clearance of phenolsulfonphthalein (PSP or phenol red) from the blood and body 
fluids by the kidneys. Two bull calves and two lactating cows were used in these experi- 
ments, in which PSP was injected intravenously. The blood plasma level of PSP was 
determined at various time intervals after the injection. The plasma level of PSP fell 
rapidly at first and less rapidly thereafter. The over-all curve of plasma levels was 
differentiated into two first-order regressions in which the logse of PSP concentration 
were inversely and rectilinearly related to the time after PSP injection. The first re- 
gression was theorized to represent the rate at which PSP moved from the plasma into 
other body fluids (collectively, its volume of distribution), with a mean slope value in the 
four animals of 0.171 per min. and a mean biological half-time of 4.4 min. The second 
regression was theorized to represent the rate at which PSP was eliminated from its 
volume of distribution (mean of 36.9% of body weight) by the kidneys and has been 
termed PSP fractional clearance. It is defined as that fraction of the total volume 
of distribution of PSP which is cleared of the dye per minute on an instantaneous basis. 
The mean PSP fractional clearance for the four animals was 0.0298, with a mean 
biological half-time of 24.5 min. PSP fractional clearance is easily measured and is con- 
sidered to be a dynamic measure of renal function. 


The use of phenolsulfonphthalein (PSP or phenol red) in a test for renal 
function in humans was introduced by Geraghty and Rowntree (4) in 1911, 
in which PSP was injected intramuscularly and the quantity of PSP excreted 
into the urine during the first and second hours was used as the criterion of 
renal function. A person having normal renal function will eliminate 40 to 
50% of PSP during the first hour and 60 to 75% of the total within 2 hr. 
That PSP is eliminated by glomerular filtration and by tubular secretion was 
proven subsequently in experiments by Sheenan (16), Marshall (8), Marshall 
and Grafflin (9), and Goldring et al. (5). 

Plasma clearance techniques have been applied to PSP (17), and showed 
that both dye and protein concentration in the plasma affected clearance values 
of PSP. Such values must also be corrected for differences in body surface 
area, to obtain comparable data. 

In studies on hepatic function in the human (6, 7), horse (3), and cow 
(2, 12, 13, 15), the technique of fractional clearance has been used with the dye 
bromsulphalein. Fractional clearance is independent in its expression of dye 
concentration and plasma volume or body weight, being essentially the slope 
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value of an exponential or first-order regression (log, Y vs. X), which charac- 
terizes the rate of elimination of the substance from the blood, or volume of 
distribution. 

Indications were evident that PSP might be eliminated from the blood and 
body fluids by the kidneys in a similar manner, and that the use of PSP 
fractional clearance as a measure of renal function would eliminate the need 
for collecting urine samples. This would greatly facilitate studies on renal 
function in farm animals, from which it is difficult to obtain quantitative urine 
collections, especially from the males. 

Accordingly, studies were initiated to determine if the technique of frac- 
tional clearance with PSP might be used for the study of renal function in 
dairy cattle and, if so, to develop the quantitative aspects of the problem 
into a usable method which might have general application. A brief report 
has been made on this work (10). 


MATERIALS AND METHODS 
Reagents for PSP assay: 

1. Phenolsulfonphthalein (Hynson, Wescott and Dunning, Inc., Baltimore, 
Maryland) is prepared for infusion (6 mg. per ml.): 6 g. phenolsulfon- 
phthalein, 9 g. NaCl, and 17 ml. NV NaOH, made up to one liter with 
sterile, double distilled H.O. 

. 0.9% NaCl solution 

. 0.5 N NaOH solution 

. 0.17 N HCl solution 

Anti-coagulant, 24 ¢. ammonium oxalate, 16 g. potassium oxalate per liter 
of water; 1 ml. per 10 ml. of blood. 


Cre CG bo 


Quantitative determination of PSP in plasma: 
1. A control plasma sample from a given cow and a PSP plasma sample 
from the same cow were each divided into two separate 2.0-ml. portions in 
colorimeter tubes. To one portion of each plasma sample 3.0 ml. of 0.17 
N HCl was added, and to the other portion 3.0 ml. of 0.6 N NaOH, to 
develop the dye color. Each were mixed thoroughly and let stand 10 min. 

2. For each plasma sample in turn, the spectrophotometer (560 my) or 
colorimeter was zeroed on the corresponding acid blank. Then the optical 
density of the corresponding alkali-developed tube was read. A Beck- 
man Model B Spectrophotometer was used in these studies. 

3. The optical density (O.D.) of the control plasma tube was subtracted 
from the O.D. of the PSP plasma tube, to obtain an adjusted optical 
density (A.O.D.) for the plasma unknown tube. 

4, A standard PSP tube was run in the same way, in which PSP was added 
both to a control plasma acid tube and to a control alkali tube. 

5. Caleulation of concentration of PSP: 

__ mg. of standard PSP A.0.D. of unknown plasmaX0.5 


PSP, mg. per ml. 








A.O.D. of standard PSP 
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EXPERIMENTAL PROCEDURE 

Two Holstein bull calves and two lactating Holstein cows were injected rap- 
idly in the jugular vein with varying quantities of PSP. Small blood samples 
were collected initially and at 2-min. intervals from 3 to 15 min. after injection 
and at 15-min. intervals from 30 to 120 min. after injection. The time was 
noted accurately at the middle of the injection and of each blood collection 
period, to establish accurate time relationships. PSP concentratiens were deter- 
mined on all plasma samples by the method described. 


RESULTS AND DISCUSSION 


The plasma levels of PSP in the four animals declined in an essentially 
identical manner with time following injection, and are presented graphically 
(Figure 1) for Bull Calf H711* (body wt., 46.3 kg.), which was injected with 
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Fig. 1. Decline in plasma level of phenolsulfonphthalein (PSP) in Bull Calf H811’, with 
time after infusion, showing the rapid initial decline and a more gradual decline thereafter. 
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480 mg. of PSP. The level of plasma PSP declined rapidly during the first 
15 min. and less rapidly thereafter. An analysis of this curve, according to the 
methods outlined by O’Neal (14) for thyroxine, showed that this was actually 
a composite curve consisting of two components, each of which may be expressed 
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as a first-order regression with an exponential rate of decline (Figure 2). It is 
postulated that the initial rapid decline in PSP concentration of the plasma, 
as represented by the initial first-order regression, is owing to the distribution 
of PSP from the plasma into certain of the body fluids and that the slower de- 
cline in PSP concentration, as shown by the second first-order regression, is due 
to the elimination of PSP by the kidneys after distribution has been completed. 
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Fig. 2. Curve shown in Figure 1 is actually a composite curve, consisting of two first-order 
regressions as shown in this figure. The distribution curve (half-life of 2.60 min.) represents 
the rate at which PSP is moving into its volume of distribution. The disposal curve represents 
the rate at which PSP is being eliminated from the body by the kidneys. Its slope or —be value 
(0.0257) is termed PSP fractional clearance and is the direct measure of renal function 
(Bull Calf H811‘). 


Thus, the scheme for the disappearance of PSP from plasme may be repre- 
sented by the general formula 
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PSP, mg. per ml. = a,e:t 4+- ages" 
in which a; — concentration of PSP (mg. per ml. of plasma) at zero time by 
extrapolation of the more rapid initial distribution curve 
—b; =—slope (rate constant) of distribution curve 
ae = concentration of PSP (mg. per ml. of plasma) at zero time by 
extrapolation of the slower disposal curve 
—b. == slope (rate constant) of the slower disposal curve 
e = base of natural logarithms 
—= time in minutes from dye injection 


It is apparent from this scheme that the volume of distribution (V.D.) of 
PSP may be calculated from the following formula: 
mg. of PSP injected 


ae 


V. D., ml. = 


The biological half-time or -life (ti/2) of either of the rate reactions may be 
ealeulated by dividing 0.693, the natural logarithm of 2, either by b; or by be. 


The rate constant (—be) of the disposal curve is the direct measure of 
kidney function and will hereafter be referred to as ‘‘ PSP fractional clearance.’’ 
This is the actual fractional decline in the level of PSP in the plasma per minute 
on an instantaneous basis, and may be defined as the fractional part of the total 
volume of distribution of PSP which is cleared of the dye per minute, also on 
an instantaneous basis. 

Table 1 presents a summary of the kinetic characteristics of the distri- 
bution and disposal of PSP in the four animals used. The mean biological 
half-time (ti/2) of distribution of the dye, of 4.42 min., indicated that the 
distribution phase for the dye would be about 99%, completed in 30 min. (seven 
half-lives). The mean PSP fractional clearance (—bs = 0.0298) gives a mean 
biological half-time (ti/2) of 24.4 min. Since two points will define a first-order 
regression curve plotted on a semilogarithmic basis, a routine determination of 
PSP fractional clearance could be based on the collection of two blood samples 
after the injection of the dye. From the above considerations, it is evident that 
the first sample should not be taken sooner than 30 min. after dye injection, to 
allow the dye distribution phase to be completed. The second sample might 
then be conveniently taken after a second 30-min. period, which would be 
longer than the mean half-life for the disposal phase of 24.4 min. as measured 
on the four animals. 

The following formula would be used to caleulate PSP fractional clearance: 
2.3 (logipA.0.D... — logipA.O.D., ) 


te — ty 





PSP fractional clearance (—bo)—= 


where A.O.D., is the adjusted optical density of the first plasma sample taken 
at 30 min. after dye injection (t;), and A.O.D., , the corresponding value for the 
second plasma sample taken at approximately 60 min. after dye injection (te). 
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TABLE 1 


Kinetic characteristics of the distribution and disposal of 
phenolsulfonphthalein (PSP) in dairy animals 











Bull calves Lactating cows 
Characteristic = ae: Means 
H811? H8907 H661 H804 
Body wt., kg. 46.3 36.4 740.3 712:2 
Dosage PSP, mg. 480 240 1128 1140 
Distribution curve 
degrees of freedom 5 6 6 6 
rb —0.995** —(0.990** —0.996** —0.996** —0.994** 
a, mg/ml 0.0750 0.0330 0.0198 0.0239 
—b;, per minute 0. 266 0.124 0.138 0.155 0.171 
ti/2, minutes 2.60 5.60 5.02 4.46 4.42 
Disposal curve 
degrees of freedom 6 6 5 4 
r> —0.998** —0.985** —0.960** —(0.986** —0.982** 
ae, mg/ml 0.0295 0.0148 0.0034 0.0106 
—b»., per minute* 0.0254 0.0224 0.0300 0.0413 0.0298 
tiv, minutes 27.3 30.9 23.1 16.8 24.5 
Volume of distribution 
ml. 16,300 16,200 331,700 107 ,700 
% of body wt. 35.2 44.5 


5 44.8 





** Significant at the 1% level (P<0.01). 

® This is the “PSP fractional clearance,’’ measure of renal function. 

> The coefficient of correlation between time in minutes (X) after dye injection and log, of 
PSP concentration (Y) of the first-order regressions. 


If more than two plasma samples are collected during the dye-disposal phase, 
the method of least squares can be appropriately used to calculate the PSP frac- 
tional clearance, or —be slope value. The natural logarithms of dye concentra- 
tion per ml. would be used as the Y-variable and t,, te, --——, tn, in minutes as 
the X-variables. 

Nineteen determinations of kidney function were run in which blood samples 
were collected at 30, 40, 50, and 60 min., to determine the correspondence be- 
tween PSP fractional clearance values based on the two blood samples taken 
at 30 and 60 min. (calculated by the formula), and values based on all four 
blood samples taken at 30, 40, 50, and 60 min. after PSP injection (calculated 
by method of least squares). The mean PSP fractional clearance values were 
0.0349 and 0.0348 as calculated by the two methods, respectively. An analysis 
of variance (37 total degrees of freedom) indicated that the difference between 
these means was not statistically significant. This would indicate that two 
blood samples taken at 30 and 60 min. following PSP injection would be suffi- 
cient in a routine test. 

The recommended routine procedures to be followed in running PSP frac- 
tional clearances in addition to those already presented may be outlined as 
follows: Collect 15 ml. of blood from the animal before the infusion of the dye. 
Then rapidly inject 1.5 mg. of PSP per lb. of body weight into a jugular vein. 
Record the time at the midpoint of the injection (t,). At approximately 30 
and 60 min. from t,, collect 15-ml. samples of blood, noting in each instance the 
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exact time when half of the blood sample has been collected. The elapsed time 
in minutes from t, to the middle of the 30-min. blood collection equals t;, whereas 
te equals the corresponding elapsed time for the 60-min. blood collection. Centri- 
fuge the blood samples to prepare plasma. 

Date collected on Bull Calf H811* (Table 1) are used to illustrate a typical 
calculation of PSP fractional clearance. The level of dye injected could have 
been reduced from 480 to 160 mg. and still have been sufficient according to the 
recommended dosage level. 

Data: 

Animal H811'; date of trial, 2-14-57; body wt., 46.3 kg. or 101.9 lb.; wt. of 

PSP injected, 480 mg. 








Adjusted optical 








Plasma tube Elapsed time Optical density density 
(min. ) (O.D.) (A.O.D.) 
Preliminary plasma* t. = 0 eee > ~ coca AS odiee 
3Q-min. plasma ts = 29.8 0.3570 0.3184 
60-min. plasma te = 59.8 0.1871 0.1485 





* Subtract O.D. of preliminary plasma from 30- and 60-min. O.D. to obtain A.O.D. 


Calculations: 
2.303 (1ogio 0.3184 — logio 0.1485) __ 9 gos4 
59.8 — 29.8 


The PSP fractional clearance test, as described, is a new and convenient test 








PSP fractional clearance (—b2) = 


for renal function, which is performed on blood plasma. The concept of frac- 
tional clearance is a relatively new one, being applied first by Lavers et al. (7) 
with bromsulphalein, in a new liver function test. It seems to be admirably 
adapted to the study of kidney function as well, and because the measure is 
essentially an expression of the rate of a first-order reaction, it is independent 
in its expression of the amount of dye injected (within limits) and the size 
of the animal. Plasma clearance as used in the conventional sense would be 
related to the size or surface area of an animal and would have to be corrected 
accordingly ; whereas, fractional clearance is not subject to this limitation. 

The evidence from this work is that PSP has a much larger volume of 
distribution in the body than plasma volume, being about 36.9% of body 
weight (Table 1). This is identical to that reported for the thyroxine space 
in dogs (14), similar to that found for the thyroxine space in hyperthyroid 
human subjects (1), and similar to the L-triiodothyronine space in cattle (11). 
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TECHNICAL NOTES 


DETERMINATION OF THE TOTAL NITROGEN IN STORED MILK BY 
NESSLERIZATION AND BY THE MACRO-KJELDAHL METHODS 


The total nitrogen in milk can be determined 
by direct Nesslerization of the digested sample. 
Hetrick and Whitney (5) reported that this 
method for whole milk yielded results that aver- 
aged 2.5% lower than those obtained by the 
K jeldahl-Gunning-Arnold method. 

The direct Nesslerization method was used 
in this laboratory for determining the nitrogen 
distribution in sterilized milk held at different 
temperatures. The data showed unexplained 
variations in the total nitrogen of milk pre- 
heated to 140 and 180° F., sterilized at 305° F., 
homogenized and stored at 40, 70, and 100° F. 
Since there was no information in the literature 
to explain these variations, it was decided to 
compare the Nesslerization with the modified 
Macro-K jeldahl method, which is the same as 
the official one (/) except for the following 
nodifications: 5 ml. of milk was pipetted in- 
stead of weighed; 85 ml. of a mixture of sodium 


hydroxide and sodium thiosulfate solution (pre- 
pared by mixing 1.5 liters of 50% sodium hy- 
droxide solution with 200 ml. of a solution 
containing 80 g. of sodium thiosulfate) were 
added before distillation; the ammonia was 
collected in a 4% borie acid solution contain- 
ing 5 ml. of indicator per liter (a solution of 
0.5 g. methyl red and 0.2 g. methylene blue in 
500 ml. of 95% ethanol), and the distilled 
ammonia was titrated against standard acid 
to the original grey color of the indicator. 
For comparing both methods, fresh, raw 
whole milk was preheated to 140° F., homogen- 
ized, sterilized at 305° + 0.25° F., cooled to 
15° F., collected in sterile cans and, finally, 
aseptically bottled and stored at 70° F. (3). 
Samples were removed at intervals and analyzed 
for total nitrogen by both methods. The re- 
sults are presented (Table 1). 
The results show that the 


total nitrogen 


TABLE 1 


Comparison of the direct 


Nesslerization and the 


modified Macro-K jeidahl methods 


for determining total nitrogen in raw, freshly sterilized 
and sterilized milk stored at 70° F., 





Treatment 


Raw 540.4 541.2 

Freshly sterilized 543.5 542.6 
Sterilized milk stored 

at 70° F.: 

3 days 515.2 521.1 

7 days 525.8 524.0 

10 days 508.5 509.2 

14 days 510.0 525.8 

17 days 526.1 554.1 

21 days 554.1 554.1 

24 days 572.1 572.0 

28 days 531.0 533.6 


as determined by the modified Macro-Kjeldahl 
method gave consistent results, but the direct 


Nesslerization method gave varying results. 
Erdman (2) has observed that some of the 


nitrogen in certain organie materials is con- 
verted to amines instead of ammonia. The 
amines are titratable as ammonia in the Macro- 
Kjeldahl method, but would not develop the 
same color with Nessler’s reagent. This was 
emphasized also by Hetrick and Whitney (5). 
Also, Jamil (4) reported that the Nessleriza- 
tion method yielded higher nitrogen values for 
certain foods than did the Maero-Kjeldahl 
method. In the present study, both low and 
high nitrogen values were obtained by the di- 


Direct Nesslerization 


Modified Macro-Kjeldahl 





mg.N/100 ml. milk 

Av. Av. 
540.8 540.0 538.0 539.0 
543.0 540.0 537.0 538.5 
518.2 537.9 536.9 
924.9 533.9 532.4 
908.8 535.9 

917.9 139.4 
526.0 137.4 
554.1 535.4 
572.0 537.4 
532.3 535.4 

rect Nesslerization method. These variations 


might be explained on the basis of the obser- 
vations made by Erdman (2) and Jamil (4). 

On the basis of the work carried out at this 
laboratory, it is indicated that the direct Nes- 
slerization method is suitable for nitrogen 
determinations in fresh milk, but that it can not 
be used for the study of nitrogen distributions 
in sterilized milk stored at different tempera- 
tures. 


LALITHA MurtTHY 

E. O. HERREID 

Department of Food Technology, 
University of Illinois, Urbana 
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CENTRIFUGAL TUBE FOR EXTRACTING BUTYL ALCOHOL 
IN THE PHOSPHATASE TEST 


Culture tubes, 1.6 em. by 15 em., are used 
to develop color in the phosphatase test of 
Sanders and Sager.’ The color is extracted with 
5 ml. of butyl aleohol and the sample is cen- 
trifuged with special tubes that fit into the 


s 


1Omm. 
| 


>14.0cm 











2.5cm 





3.5m. 


Fig. 1. 
aleohol in the phosphatase test. 


Centrifugal tube for extracting butyl 


trunnion cups. Four milliliters of the extracted 
butyl aleohol is used for the photometric esti- 
mation of phenol. If more than 4 ml. is needed, 
it is suggested that large tubes be used and 
the color extracted with the necessary amount 
of butyl aleohol in both the test and standard. 
However, it was found that culture tubes for 
centrifugation were not satisfactory. 

A modified Pyrex tube, which fits into the 
trunnion cup of a Babcock centrifuge 40.6 
em. in diameter, was designed. It is shown in 
Figure 1 with dimensions. The capacity of the 
bulb is 10-12 ml., which is about equal to the 
total volume of test solution and the reagents 
used to develop color. The capacity of the 
neck is 10-11 ml. and it is wide enough to admit 
a 10-ml. pipette, which is used to add the 
reagents and to withdraw the alcohol layer. 

A number of these tubes were made by a 
glass-blower in the University. As yet they are 
not being made commercially. 

LALITHA MURTHY 

K. O. HERREID 

Department of Food Technology, 
University of Illinois, Urbana 


‘Sanders, G. P., and Sager, O. S. Phosphatase 
Test for Various Dairy Products. J. Dairy Sei., 
30:909. 1947. 


OZONE—CAUTION! 


Within recent years ozone generators have 
been installed in cheese-curing rooms and in 
food-storage lockers in an effort to retard con- 
tamination by mold. A report appearing in a 
recent issue of the Medical News Letter, 30 (9), 
1957, pronounces ozone to be a public health 
hazard. Although no human fatalities have 
been reported as a result of exposure to ozone, 
at concentrations in excess of 0.1 p.p.m. by 
volume definite symptomatic effects are evident, 
the most pronounced effects being pulmonary 
edema and hemorrhage. 


The hazards involved are considered to out- 
weigh the value of an ozonizer as a deodorizer 
or gemicidal agent in confined working areas. 
Where ozonizers are installed, warning signs 
should be posted and personnel cautioned not to 
occupy these lockers longer than is necessary. 


J. R. BRUNNER 
Department of Dairy, 
Food Technology Program, 
Michigan State University, 
Lansing 
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PRELIMINARY REPORT ON TESTS OF THE 


ACCURACY OF 


Measuring the milk production of individual 
cows by weighing the milk at the completion 
of milking has been practiced for many years. 
Production records are desirable for individual 
herd management and for herd improvement 
association reeords. Reeently, during diseus- 
sions on milk-flow meters, the question of ac- 
curacy was raised. It was evident that stand- 
ards must be set up to provide a basis for 
approving meters or other weighing devices, for 
subsequent use in production-record programs. 
It was general'y agreed that such standards 
be eaual to, or preferably better than, existing 
standards. 

It then heeame necessary to determine, as 
accurately as possible, the prevailing standard 
of aceuracy of milk seales. It was obvious that 
a true determination of accuracy standards 
would have to be based on checks of seales 
throughout the major milksheds of the nation. 
Such a task would be formidable and virtually 
impossible to accomplish. It was then decided 
to check a few seales in a preliminary study, to 
obtain an indication of scale accuracy. 

Test in Minnesota. Twenty milk seales in 
actual use by D.H.I.A. testers in the Minne- 
apolis-St. Paul milkshed were checked with 
standard weights. The readings were made to 
the nearest 0.05 Ib. 

The weight data were obtained in 5-lb. inere- 
ments from 5 to 50 |b., but were summarized 
at the 15,- 25-, 35-, and 45-lb. readings. Of 
the 80 readings, 22 provided a zero error, three 
provided a negative error, and 55 provided a 
small positive error. Only two seales provided 
readings of more than 1% error (0.2 Ib. at 
15 lb., or 1.33%). Three seales provided 1% 
error readings (two at 25 lb. and one at 35 |b.). 
Individual seale averages varied from 0.00 to 
0.97% error, with an over-all average ef 0.32% 
error. 

Tests at Beltsville, Maryland. A_ typical 
spring milk scale was checked in the Dairy 
Cattle Research Branch barn during a ten-day 
test involving ten cows milked twice each day. 
Two hundred comparative weighings were made 
on the spring seale and on a precision bench 
seale, 

The milk weights varied from 4.85 to 41.0 
ib., averaging 17.6 lb. The spring scale and the 
bench seale agreed during 105 of the 200 read- 
ings. They differed by + 0.05 lb. during 81 
readings and by + 0.10 or more pounds during 
14 readings. Considering that the differences 


of + 0.05 lb. could be due entirely to the read- 
ability of the scales, only 14 readings yielded 


MILK SCALES 


a substantial difference. These 14 readings 
were all less than 1% in error, averaging 0.58%. 
In other words, 186, or 93%, of the readings 
were within + 0.05 lb.; 194, or 97%, of the 
readings were within + 0.10 lb. The over-all 
average error of the 200 readings was less than 
1/25th of 1%. 

An old, well-worn seale, which happened to 
be in use by a D.H.I.A. tester, was checked 
during these tests and found to be 1.8 to 2.0% 
in excess of the standard weights between 15 
and 45 lb. This error was almost linear 
through the range and was probably due to 
spring fatigue, a common fault of older seales. 

Check on new spring scales. A cheek of 11 
new spring seales at Beltsville, with standard 
test weights at 15, 25, 35, and 45 lb., showed 
that all errors were less than 1%. The greatest 
percentage error was 0.60% and the over-all 
average error was 0.15%. Of the 44 readings, 
seven provided a zero error, seven provided a 
negative error, and 30 provided a_ positive 
error. 

: Summary 

The average error of the D.H.I.A. milk seales 
which were checked varied from 0 to 1.89%, 
with an over-all average of 0.40%. Individual 
seale readings varied from 0 to 2% in error. 

The weights obtained by milk seales for 
D.H.I.A. records, as checked in these tests, were 
found to have an average error of less than 
one-half of 1%. 

New scales were found to have an error of 
less than one-sixth of 1%. The greatest error 
found in any weight reading was only 2%, 
and that was found on an old seale which should 
not have been in service. 
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ISOLATION AND IDENTIFICATION OF A-CASEIN 


Waugh and von Hippel (8) have reported the 
presence of a casein component in cow’s milk 
which they have named «-casein, and they have 
characterized «-casein in preparations which 
contained other casein components. Me- 
Meekin, Groves, and Hipp (3)* have deseribed 
the use of calcium chloride for the isolation of 
x-casein from aqueous solutions of a-casein. A 
similar procedure, utilizing the difference in 
solubility exhibited by components of a-casein 
in the presence of calcium ions, has been em- 
ployed in this laboratory (4) for the isola- 
tion of «-easein. We have found that the 
x-easein thus obtained is associated with a minor 
component which we have designated as \-casein. 
\-Casein has been isolated from the crude 
k-casein preparation by differential centrifuga- 
tion, and characterized with respect to (a) 
phosphorus content, (b) stability to calcium 
ions, (c) reaction with rennet, and (d) sedi- 
mentation behavior. A comparison of these 
properties with those of «-easein (7) and 
ar-casein (defined later), indicates that \-casein 
was a separate and distinct protein component. 

Preparation of the crude x-casein fraction. 
Warner’s (7) a-casein, for which the customary 
extraction with ether and alcohol has been 
omitted, was the starting material. Separation 
of a-casein into a ealeium-soluble crude «-casein 
fraction containing both «- and \-casein, and a 
caleium-precipitated ar-casein fraction, was 
made by addition of calcium chloride to an un- 
buffered solution of a-casein at 5° C. and pH 
6.6-7.0. Necessary adjustments in pH were 
made with 0.1 N NaOH and 0.1 N HCl. Details 
of the separation are: 

a) A 2-3% a-casein solution was made 0.20 
M with respect to CaCl, by the dropwise ad- 
dition, with stirring, of 2.0 M CaCl,. The 
solution was allowed to stand overnight. After 
this period, the majority of the calcium-sensi- 
tive ar-casein had precipitated, whereas the 
supernatant was decanted and centrifuged as 
described, to remove the remaining akr-casein. 

b) The supernatant from a) was heated to 
35° C. and centrifuged at 9,000 r.p.m. for 30 
min. in a Servall Centrifuge. 

c) The supernatant from b) was centrifuged 
for 60 min. at 25° C. in a Spinco Model L 
Centrifuge (No. 21 Rotor) at 21,000 r.p.m. 

d) The supernatant from c) was dialyzed 
against distilled water to remove the calcium. 
This procedure was used because some protein 
was lost when the calcium ions were removed 
with oxalate. 

e) The erude x-casein was acid-precipitated 

‘x-Casein resembles a Z-casein fraction of Lin- 
derstrom-Lang (2), in stability to calcium ions. 

“The published abstract of this paper contains 
no reference to the isolation of «-casein. This work 
was presented orally at the 131st National Meet- 
ine of the American Chemical Society, April, 1957. 


and stcred at —20° C. A yield of 17% of the 
original a-casein was obtained as crude «-casein, 
and \-casein comprised approximately 15-20% 
of the crude «-casein fraction. Phosphate buffers 
used in the exaniuation of these caseins were 
those employed by von Hippel and Waugh (5). 
At pH 6.98, the ionie strength of the buffers was 
0.1, and at pH 12.0 the ionic strength was 0.19. 
Phosphorus analyses were made by a method 
outlined by Allen (1) and Walker (6). 

The isolated crude x-easein had a phosphorus 
content of 0.46%, and possessed the character- 
isties reported for x-casein (8). Partial cen- 
trifugal fractionation of «- and )-easein indi- 
cates that the phosphorus content of «-casein 
itself is less than 6.33%. 

Examination of the ultracentriiuge pattern 
obtained from Warner’s a-casein, in phosphate 
buffer at pH 6.98, revealed a large skewed peak 
and a small, faster-moving component. This 
fast-sedimenting component was absent from 
the ar-casein pattern, which indicated that it 
may have been the source of the «-casein. 

Klectrophoretic examination of the crude 
x-easein fraction, at pH 6.98 in phosphate 
buffer, revealed one symmetrical peak with a 
mobility slightly less than that of the origina! 
a-casein. Waugh and von Hippel (8) reporied 
that B-casein was present in their preparation « - 
k-casein, 

Two peaks were observed when a 0.6% solu- 
tion of crude x-casein, in phosphate buffer at 
pH 6.98, was subjected to ultracentrifugation. 
‘rhe faster-sedimenting component, containing 
approximately 80% of the total protein, pre- 
sented a sedimentation constant identical to 
that reported for «-casein (8), S» = 13.18 
Svedbergs. The slower component, \-casein, 
moved with a S»=1.10 Svedbergs. At pH 
12.01, all protein in the crude «-casein fraction 
was present in a single polydispersed peak, 
with a S» = 1.10 Svedbergs. 

Preparation of -casein. The crude x-easein 
from step e) was prepared as a 1.0% solution 
in 0.2 M NaCl at pH 7.0. This solution was 
centrituged at 40,000 r.p.m. in a Spinco Model 
L Centrifuge (No. 40 Rotor) at 5° C. for 5 hr. 
The upper half of the supernatant, containing 
A-casein free of «-casein, was removed, dialyzed 
against distilled water, and concentrated by 
pervaporation. 

The phosphorus content of the A-casein was 
1.18%. Although the phosphorus content of 
ar-casein was 1.16%, d-casein (as shown in 
Table 1), differs from ar-casein in its sedimen- 
tation constant and stability to caleium ions. 

A-Casein, prepared as a 1.0% solution in 
distilled water, at 25° C., was not precipitated 
by calcium ions. At calcium ion concentrations 
of 8 mM, the casein solution became turbid 
but, as the calcium level was increased, this 
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TABLE 1 
Comparison of certain characteristics of 
ar-, k-, and \-casein 


Stability 
to Visible 
ealeium reaction Soo" 
ions with x 
Component P (0.2M) rennet 10" 
(%) 
A-easein 1.18 Yes No 1.10 
ar-casein 1.16 No No 4.55 
x-easein <0.33  Yes(8)® Yes(8)” 13.18(8)” 


*“Spineo Model E Ultracentrifuge, 59,780 r.p.m., 
at 25° C. Seo values are without partial specific 
volume correction. 0.6% protein in pH 6.98 phos- 
phate buffers. 

"These characteristics reported for x-casein are 
as it existed in a mixture of casein. 


condition decreased until, at concentrations of 
100 mM and above, the solution remained clear. 
Under these same conditions, ar-casein began 


precipitating from solution when the calcium 
eoncentration reached 5 mM. 
At concentrations of A-easein from 0.3 to 


1.0% in phosphate buffer at pH 6.98, only one 
component was observed by ultracentrifugation. 
The sedimentation constant for a 0.6% solution 
of \-casein was Sx» = 1.10 Svedbergs. ar-Casein 
under similar conditions had a sedimentatien 
constant of Sx» = 4.55 Svedbergs. 
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There was no visible reaction between )-ea- 
sein, free of calcium, and rennet. 


JoHN Lona 
Q. Van WINKLE 

AND 
I. A. GouLp 
Departments of Dairy Technology 
and Chemistry, The Ohio State 
University, Columbus 
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SPERMATOCRIT? VALUES IN FACILITATING THE ESTIMATION 
OF SPERMATOZOA CONCENTRATIONS 


Investigation on the use of a special centri- 
fuge for estimating spermatozoa concentrations 
in bull semen has given promising results. In 
this investigation, the centrifuge was used as 
directed by the manufacturer, except that the 
material centrifuged was undiluted semen in- 
stead of blood. 

This method involves partially filling the 
capillary tubes with freshly collected semen. 
The small bore in these tubes facilitates filling, 
as the semen enters partly by capillary action. 
A tube can be partially filled easily, by hold- 
ing it against the inside walle of the collection 
vials and slanting it just enough to allow the 
semen to enter. It is essential to leave about 
three-quarters of an inch of the tube unfilled, 
to enable heat-sealing without burning the 
semen. 

The centrifuge used is especially designed 
to spin the tubes horizontally at 10,000 r.p.m. 
It has been determined that 10 min. of centri- 
fuging will separate the spermatozoa from the 


‘Analogous to the usage of ‘‘hematocrit.’’ 
‘“Hemato’’ is derived from the Greek and refers 


to blood; and ‘‘erit’’ originally spelled ‘‘krite,’’ 
meaning to judge. 


seminal fluid and pack them firmly in the 
sealed end of the tube. 

To express the packed spermatozoa as a per- 
centage, a special graph supplied with the 
centrifuge is used to accommodate any volume 
sampled. The capillary tube is held against this 
graph in the position that puts the outside 
lines on the extremities of the column of semen 
in the tube. It is then necessary to count the 
number of lines covered by the column of 
packed spermatozoa to obtain the percentage 
of packed cells, which is equal to the number 
of lines counted. A small 12 X magnification 
lens helps considerably in making accurate 
counts of the lines. 

Values of 42% to 18% have been obtained 
on the semen used in this study. 

Duplicate measurements using this method 
were taken on all semen collected at the Central 
Experimental Farm, Ottawa, over several 
months in 1957. All samples were subjected to 
hemaecytometer counts, to determine the asso- 
ciation between the percentage of packed sper- 
matozoa per cubie centimeter of semen. Re- 
sults indicated that the percentage values were 
the logical independent variable, as the repeat- 
ability of duplicate percentages on the same 
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semen was 0.99; whereas, that for the hemacy- 
tometer counts was only 0.64. 

Unfortunately, we were not able to use the 
popular photoelectric method of evaluating 
sperm concentrations concurrently. However, 
it is obvious that the photoelectric method, or 
any other method, would not be any more ae- 
curate than the centrifuge method, from the 
standpoint of repeatability. 

From a practical standpoint, there are several 
distinct advantages for the centrifuge method 
over the photoelectric method. With the photo- 
electrie method, a calibration of each instru- 
ment is necessary, and there is no assurance 
of the absence of unknown variations in elee- 
trical power or other factors affecting light 
transmission to the photoelectric cell. The cen- 
trifuge method is more direct, the only eali- 
bration needed being a measurement of the 
number of spermatozoa per cubic centimeter 
for each percentage of packed spermatozoa. 
This has been obtained by estimating the re- 
gression equation (y = bx) of hemacytometer 
counts (y) on the percentage (x), and was 
found to be y = (219.88 + 10.33)z. Thus, by 
multiplying the percentages by 220, the esti- 
mated number of spermatozoa in millions per 
cubie centimeter of semen will be obtained. 

The centrifuge method is easier to perform, 
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also, as there is no glassware to be kept clean, 
as is the case with the photoelectric method. 
Too, the centrifuge method offers more flexi- 
bility in operation, because the semen can be 
sampled in the capillary tubes, sealed, and set 
aside for centrifuging after initial processing 
of the sampled semen. In the operation of the 
Experimental Farm’s frozen semen project, the 
tubes are attached to the vials containing semen 
and, when the semen arrives at the freezing 
laboratory the capillary tubes are centrifuged, 
to estimate the spermatozoa concentration in the 
ejaculate collected several hours previously. 

One precaution has to be observed in obtain- 
ing the percentage values. If many tubes are 
being centrifuged at one time, it is important 
to read all the percentages as soon as possible 
after the centrifuge stops. Otherwise, the sper- 
matozoa will start mixing with the seminal 
fluid and there will be indistinct separation 
of the packed spermatozoa and seminal fluid. 

It is suggested that the method just de- 
seribed be referred to as the Spermatocrit 
Method for determining spermatozoa concen- 
trations. 


C. G. HickMANn 
Canada Department of Agriculture 
Experimental Farm, Ottawa 


LACTOSE SYMPOSIUM’ 


PHYSICAL AND CHEMICAL ASPECTS OF LACTOSE 


R. P. Cuor 
American Dry Milk Institute, Inc., Chicago, Illinois 


The physical and chemical aspects of lactose 
is a broad subject to develop comprehensively 
during the time permitted in this symposium. 
Much of the information concerning the strue- 
ture of lactose, the different forms and their 
kinetics and equilibria, was developed many 
years ago. An excellent review on lactose and 
its utilization has been published by Whittier 
(9) and, in addition, most textbooks on the 
chemistry of dairy products contain a chapter 
on laetose. Therefore, no attempt will be made 
in this paper to present a comprehensive review 
of the subject but only to emphasize the more 
important principles. 

Lactose is a major constituent of milk and 
some of the by-products derived from milk. In 
round figures, it constitutes in percentages about 
4.9 of milk, 5.1 of separated milk, 10 of evapo- 
rated milk, 38 of dry whole milk, 51 of nonfat 
dry milk, and 70 of dry whey solids. Unlike the 

‘The four papers in this symposium were pre- 
sented at the 52nd Annual Meeting of the Ameri- 
ean Dairy Seience Association at Oklahoma State 
University, Stillwater. This is another example 
of a timely program, planned by an alert com- 
mittee. The speakers are commended for their 
fine presentations. Hditor-in-Chief. 





two other major constituents of milk, namely, 
the milk proteins and butterfat, lactose is a 
relatively simple molecule, of which the strue- 
ture has been elucidated. Furthermore, both 
alpha-lactose, in the form of the monohydrate, 
and beta-lactose, are commercially available in 
high purity. 

Chemically, lactose is a disaccharide com- 
posed of a molecule of D-glucose and one mole- 
cule of p-galactose. The structural formula is 
shown (Figure 1). Before proceeding further, 
it may be of interest to review briefly the use 
of the terms p and tL in sugar chemistry. In 
organic chemistry, the symbols p and i have 
sometimes been used to denote the direction of 
optical rotation of a compound, dextro, or pb, 
being to the right, levo, or L, to the left. In 
carbohydrate chemistry, the terms refer to the 
configuration of the molecule, rather than to 
its optical rotation. The p series of sugar is 
the one in which the -OH group on the asym- 
metric carbon-5 is on the right, or on the same 
side of the lactal ring as the formula is written 
in the figure. The L sugars are the ones in 
which the -OH group on carbon-5 is on the left. 
Optical rotation is now indicated by the (+) 
or (—) signs. 








320 


Carbon 
OH O 
OH 
HOGH 
HOCH 
Hi H 


Awe WD EF 


H,0H 


Alpha Lactose 


— | 
OH 
- HOCH 


— 





JOURNAL OF DAIRY SCIENCE 


vale H 9 
HCOH | ~ HcOH 
H HOCH 
HOG = 
HG 


H H 


CH20H CH,0H 


2 


Beta Lactose 


Fie. 1. Structural formula—alpha- and beta-lactose 


It will be noted from the structural formula 
that p-glucose and p-galactose each contains 
a 1-5 lactal ring, or a pyranose structure. 
These two molecules are connected through 
the aldehyde or, more correctly, the hemi-acetal 
group (C-1) of pD-galactose and carbon-4 of 
the p-glucose molecule. Further, as a conse- 
quence of the hemi-acetal structure of mono- 
saccharides, carbon-l is asymmetric, which 
creates two isomers. The alpha p-sugar is the 
one which has the higher dextro-rotation and 
the -OH group is assigned to the right as the 
formula is written. The beta sugar is the one 
having the lower dextro-rotation, with the -OH 
to the left. In the case of lactose, it has been 
found that £-p-galactose is the component. 
However, in the glucose part of the molecule, 
the hemi-acetal group is not combined; there- 
fore, it is possible to have both an alpha and 
a beta isomer. This accounts for the two forms 
of lactose which will be discussed in more 
detail later. For the moment, it is sufficient to 
note that lactose is 4-p-glucopyrano-syl-§-p- 
galactopyranoside. The actual proof structure 
is of interest. 

As evidenced from the structural formula, 


lactose contains several types of functional 
groups. Since few of the chemical derivatives 


are of any practical importance, they will be 
mentioned only briefly. First of all, lactose 
possesses a glycosidic linkage which can be 
hydrolyzed by dilute acid or by the enzyme 
lactase to give glucose and galactose. Second'y, 
lactose contains a hemi-acetal group which par- 
ticipates in many interesting reactions, in- 
cluding those with phenylhydrazine, hydrocy- 
anie acid, ammonia, hydroxylamine, ete., to 
form various condensation produets. It is oxi- 
dized by bromine to lactobionic acid. However, 
like glucose, it does not react with such typical 
aldehyde reagents as Schiff’s reagent and so- 
dium bisulfite. In alkaline solution, it is oxi- 
dized by Fehling’s solution, normally used for 
the quantitative determination of lactose. The 
reaction with Fehling’s solution, however, is 
not stoichiometrie. 

In addition, the hemi-acetal group is be- 
lieved to be important in the so-called brown- 
ing reaction which sometimes occur in dairy 
products. In dry milk products under the in- 
fluence of high moisture content, the initial step 


is believed to involve a condensation type of 
reaction between the hemi-acetal group and 
the amino group of amino acids or proteins, 
particularly the S-amino group of lysine. This 
initial complex then undergoes a series of as- 
yet-undefined intermediate reactions, resulting 
in the production of brown discoloration and 
off-flavor compounds. 

Finally, lactose contains both primary and 
secondary alcohol groups which, to a large ex- 
tent, account for its great solubility in water 
and lack of solubility in organic solvents. These 
alcohol groups are methylated by dimethyl sul- 
fate or methyl iodide and silver oxide. The 
reaction has been useful in the proof of struc- 
ture of lactose and other carbohydrates. Strong 
nitrie acid hydrolyzes lactose and oxidizes both 
the primary alcohol and the hemi-acetal groups 
to carboxyl groups, with the formation of a 
very insoluble dicarboxylic acid called mucic 
acid. This is derived from galactose and is 
sometimes used for identification purposes. 

Biochemically, lactose is not fermentable by 
ordinary bakers yeast, a fact sometimes used 
as a basis for determining milk and milk prod- 
ucts in complex food products. Many bacteria, 
particularly the lactobacilli, ferment lactose into 
lactic acid. 

The structural formulation postulates the 
existence of two forms of lactose—the alpha 
form, being more dextro-rotatory and with the 
—OH group in carbon-1 to the right or on the 
same side as the lactal ring, and the beta-form, 
being less dextro-rotatory and depicted as hav- 
ing the -OH group to the left. The existence of 
these two isomers is strong proof of the hemi- 
acetal structure. Actually, two forms are known 
and available. The alpha form is normally 
available as the monohydrate containing 5.0% 
water of crystallization, and is obtained from 
erystallization of lactose from solution at tem- 
peratures below 93.5° C. The alpha anhydrous 
lactose can be prepared by dehydrating alpha- 
lactose hydrate in vacuo at temperatures be- 
tween 65 and 93.5° C., and is stable only in 
the absence of moisture. The beta-lactose is 
obtained from erystallization of lactose from 
solution at temperatures above 93.5° C. 

The alpha and beta forms of lactose differ in 
their physical and in some of their chemical 
behaviors. For example, beta-lactose is sweeter, 
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more soluble and, according to Isbell (6), oxi- 
dized at a faster rate by bromine to lactobionic 
acid, than is the alpha form. The specifie rota- 
tion of alpha-lactose hydrate is + 89.4° and 
of beta-lactose, + 35°. The thermodynamic 
properties also are different. 

In solution the two forms interconvert until 
an equilibrium is attained, irrespective of which 
form one starts out with. In the absence of 
catalysts and at ordinary temperatures, the 
rate of approach to equilibrium is fairly slow 
and ean be followed by optical rotation, solu- 
bility, and rates of crystallization. When either 
form of lactose is added to water, the specific 
rotation changes gradually, due to the inter- 
conversion of the sugar from one form to the 
other, until at equilibrium the specifie rotation 
becomes + 55.5°. This phenomenon is referred 
to as mutarotation and is common to many 
reducing sugars. Since specific rotation is an 
additive property, the composition of the mix- 
ture at equilibrium or at any time can be cal- 
culated. Sharp and Doob (7) have applied 
this principle in a quantitative method for de- 
termining the proportion of alpha- and beta- 
lactose in dry wilk products. Further, by ap- 


plying the mass action law to the reversible 
reaction between the alpha and beta forms 


of lactose in solution, Hudson (4) developed 
the equation 

1 ro — roo 

k, + ky = — log ———— 

t ae 


which measures the rate of mutarotation. Here, 
the quantity (k,+h,) is referred to as the 
mutarotation coefficient, ro is the optical rota- 
tion at zero time, r is the rotation at time f¢, 
and roo is the final, or equilibrium, rotation. 
The equation expresses a first-order reaction. 
By plotting the difference between the rotation 
at time ¢ and the equilibrium rotation against 
the time ¢, a straight line should result whose 
slope gives the mutarotation coefficient. Simi- 
larly, the equilibrium constants can be caleu- 
lated from optical rotation by means of the 
equation 
n-=—™ — Teo 
ky reo — rf 

Another manifestation of the equilibrium of 
alpha- and beta-lactose in solution is in the 
solubility behavior of lactose. Hudson (4) 
found that when alpha-lactose hydrate was 
added in excess to water, with agitation, a defi- 
nite amount would dissolve immediately and 
more would go into solution slowly, until a 
final solubility was attained. In the initial 
stage, the process is one of ordinary solution 
and is very rapid because of the large solid- 
liquid interface. In the second stage, the rate 
of solution is controlled entirely by the rate 
of conversien of the alpha to the beta form. 
Therefore, according to Hudson, the initial 
solubility is the equilibrium concentration, or 
true solubility, of the alpha form. The differ- 
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ence between the final and the initial solubility 
is the equilibrium concentration of the beta 
form. The mathematical expression for this re- 
lationship is given by the equation, 


H H 
fhe. Bae—Be 
kK = —- = 
a H 
So 


. a" . H . 
where K is the equilibrium constant, So is 


the final solubility, and So is the initial solu- 
bility. The final solubility can be determined 
without much difficulty. However, except at 
low temperatures, the measurement of initial 
solubility is complicated by the conversion of 
alpha-lactose to the beta form during the proce- 
ess of solution. The following equation 
H H 
So — So 
log - 
Soo —Sr 
gives the rate of solution of alpha-lactose, re- 
ferred to by Hudson as the maximum rate of 
solution, since the rate cannot be increased 
further by increasing the solid phase. This 
equation, likewise, expresses a first-order reac- 


1 
k= — 
t 





tion, where k. is the rate constant and St is the 
amount of lactose dissolved in time t. Both 


H 
k, and So ean be evaluated by plotting log 


( i =) : 
So — S¢t/ against ¢. 


Several years ago, use was made of this 
equation in the development of a method (1) 
for the determination of alpha- and beta-lactose 
in dry milks. Briefly, the method involves 
determining the amount of lactose in solution 
at several time-intervals, when a mixture of dry 
milk and alpha lactose hydrate is continuously 
stirred in a known quantity of water at 25° C. 
Since the final solubility is known, by plotting 
the logarithm of the difference between the 
final solubility and the amount dissolved at 
time ¢ against the time, a straight line is ob- 
tained whose intercept at zero time is log 


( H H : _H 
Sao — so), from which the term So ean be 


calculated. The term So in this case includes 
not only the initial solubility of the alpha- 
lactose but also all of the beta-lactose in the dry 
milk sample. Since the initial solubility of 
alpha-lactose at 25° C. is known, the total beta- 
lactose in the dry milk can be caleulated. The 
difference between the total lactose in the dry 
milk and the beta-lactose obtained gives the 
alpha modification. 

The alpha-beta lactose equilibrium can be 
observed also in the erystailization of lactose 
from a supersaturated solution at ordinary 
temperatures. In a solution in which the con- 
centrations of both alpha- and _beta-lactose 
are in excess of their equilibrium concentra- 
tions, Hudson (4) found that the addition of 
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a large amount of fine crystals of alpha-lactose 
hydrate and application of vigorous agitation 
will cause the immediate crystallization of the 
excess alpha modification, followed by a slow 
conversion of the excess beta form to the alpha 
form, which then crystallizes as soon as it is 
formed. Since diffusion and nuclei formation 
are not important in this case, because of 
vigorous agitation and the excess of a-lactose 
hydrate erystals, the rate of crystallization is 
controlled entirely by the rate of transforma- 
tion of the beta to the alpha form. This limit- 
ing rate, actually the rate of isomerization of 
beta to alpha, is described by the equation 


Co—Sx 
o—so 
k, = — log ————— 
t , HH 

Cr — Soo 


where k. is the rate constant and Co is the 
total initial supersaturated concentration of 
lactose after seeding with lactose crystals. Since 
the alpha lactose is already precipitated, Co is 
actually the excess beta plus the lactose in the 
saturated solution. In other words, the difference 


H 
Co sh} is the excess beta-lactose in solu- 


tion at zero time. Plotting of log ie)... se) 
which is the amount of beta-lactose at time f¢, 
against time ¢, gives a straight line, the slope 
of which gives a measure of the rate constant 
k., and the intercept at zero time gives the 
original excess beta-lactose in solution. 
Advantage was also taken of this relationship 
in the development of an additional method 
(2) for the determination of alpha- and beta- 
lactose in dry-milk products. Briefly, the 
method consisted in adding a known quantity 
of dry milk mixed with an excess of alpha- 
lactose hydrate to a continuously agitated, satu- 
rated solution of lactose at 25° C. It was ex- 
pected that the alpha-lactose from the dry milk, 
once dissolved, would immediately erystallize 
out and that the beta-lactose of the dry milk, 
once in solution, would undergo transformation 
to the alpha form, until the equilibrium con- 
dition was restored. Therefore, if the quantity 
of lactose in solution was determined at 


several time intervals and the log (Cc. — sx) 
was plotted against the time ¢, a straight line 
would result. The intercept would give the 
beta-lactose. The difference between the total 
and the beta would give the alpha modification. 

Beta-lactose also exhibits an initial and final 
solubility. Equations (5) similar to those pre- 
sented above have been derived to describe 
the equilibrium and kinetics when beta-lactose 
is the solid phase. 

The above discussion shows that the phe- 
nomenon of mutarotation, the slow changes in 
solubility, and rate of crystallization all are 
manifestations of the interconversion of alpha- 
and beta-lactose in solution. This is supported 
by the fact that both rate constants and equi- 
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librium constants derived by the three methods 
are in agreement. Furthermore, all three equi- 
libria are affected in the same manner by cata- 
lysts. Results obtained by Troy and Sharp (8), 
showing the effect of pH on mutarotation, solu- 
bility, and erystallization, are given (Figure 2). 
The eurves are of the same shape and indicate 
that the rate of interconversion of alpha- and 
heta-lactose is greatly accelerated by both acids 
and bases. In addition to acids and bases, 
anions such as phosphate and citrates also have 
great effects on the velocity of the reaction, 
which cannot be attributed to pH. 

At the beginning of this discussion, it was 
brought out that the transition point for alpha- 
lactose hydrate and beta-lactose is 93.5° C. Be- 
low this temperature, alpha-lactose is the stable 
form crystallizing from solution; above this, the 
beta-lactose is the stable form. Figure 3 is a 
graph taken from the publication of Hudson (5), 
showing the solubility relationship of the two 
forms of lactose. Starting with alpha-lactose hy- 
drate as the solid phase, the final solubility at dif- 
ferent temperatures is given by the curve labelled 


H 
as So. Similarly, with beta-lactose as the solid 
phase, the final solubility at different tempera- 


A 

tures is expressed by the curve labeled as So. 
It will be noted that up to 93.5° C., the solu- 
bility of beta-lactose is much greater than that 
of the alpha-lactose hydrate; whereas, above 
that, the reverse is true. At the transition point, 
where the two curves intersect, the final solu- 
bilities of the two sugars are the same. As 
indicated before, the final solubility is the sum 
of the initial solubility of one form and the 
equilibrium concentration of the other form. 
Therefore, starting with alpha hydrate as the 
solid phase, the initial solubility, which is the 
true solubility of alpha-lactose, is represented 


by the eurve So. The difference between the 
final solubility and the initial solubility, that 


is, curve Sco minus curve So, gives the equi- 
librium concentration of the beta sugar, which 
is represented by the curve Ca. Similarly, 
starting with beta-lactose as the solid phase, 
the initial solubility, which is the solubility 


of the beta form, is represented by the curve So, 
and the equilibrium concentration of the alpha 
form is represented by the curve Cz. 

This diagram gives a simple explanation of 
the fact that below the transition point the 
alpha hydrate is the stable form, but above it, 
the beta anhydrous lactose is the stable form. 
Consider, for example, a mixture of beta-lactose 
and water at 60° C., the beta dissolving to 
form a staturated solution whose concentration 


is indicated on the curve Soo, which has a value 
of about 55% at 60° C. Now, the concentra- 
tion of the alpha form in this equilibrium mix- 
ture is represented by the curve Cuz, and it can 
be seen that this curve at 60° C. is above the 
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initial solubility cf alpha-lactose represented 


E 

by So. Therefore, in this so’ution, the alpha 
hydrate is in excess and will crystallize out. 
Above the transition point, the alpha hydrate 
is more soluble than the beta form. At 100° C., 
for example, a saturated solution of alpha- 
lactose hydrate will give an equilibrium con- 
centration of beta-lactose, represented by the 
curve Ca, which is above the initial solubility 
of beta-lactose. Therefore, beta-lactose will 
erystallize out. At the transition point, the 
final solubilities of both alpha- and beta-lactose 
are equal. Both alpha- and beta-lactose are 
saturated and either form can erystallize from 
solution at this temperature. 

Sometimes it has been observed that beta- 
lactose can erysiallize out at room temperature, 
which may sound somewhat surprising, since 
the transition point is 93.5° C. That this is pos- 
sible can be seen easily from Fig. 3. Take, for 
example, the point X, which is supersaturated 
with respect to both alpha- and beta-lactose. 
If such a solution is seeded with beia-laciose, 
this form can erystaliize out from solution 
until it reaches the final solubility of beta-lac- 


a 
tose, represented by the line S.. However, at 
this concentration, the solution is still highly 
supersaturated wich respect to the alpha form. 
Therefore, if conditions are tavorable, the 
alpha-'actose will finally crystallize out as the 
hydrate, until the solution reaches a compo- 


H 
sition represented by the line Sco. 

In genera!, the rate of crystallization of lae- 
tose, or of any material, depends on, 1) the 
degree of supersaturation, 2) the surface area 
of the erystal or the number of nuclei, and 
3) the viscosity of the solution which, in turn, 
governs the diffusion of the solute molecule to 
the erystal surface. When crystallization of 
lactose takes place in the presence of numer- 
ous crystals and with agitation, nuclei forma- 
tion and diffusion are probably not important. 
The conversion of beta- to alpha-lactose is 
usually the limiting rate. In the absence of 
nuclei and agitation, lactose solution can be 
highly supersaturated without crystallization. 
The so-called supersolubility value appears to 
be fairly definite. When the amount of lactose 
in solution exceeds the supersolubility value, 
spontaneous crystal formation will, of course, 
take place. At ordinary temperatures, the 
alpha-lactose hydrate is the form which usually 
evrystallizes from supersaturation. Since there 
is a large amount of alpha-lactose in solution 
to start with, the rate of crystallization in 
the initial stage may be entirely dependent upon 
the number of nuclei or the viscosity of the 
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solution. For example, Herrington (3) has 
found that the tendency to form crystals passes 
through a maximum as the supersaturated 
solution is cooled. Whittier and Gould (10) 
have found that the best temperature to erystal- 
lize lactose is 30° C., where the velocity is the 
highest. However, in the later stage of erystal- 
lization, it is reasonable to assume that the rate 
of interconversion of alpha- and _ beta-lactose 
is the limiting rate. 

Because of the erelative stability of super- 
saturated lactose solution, it is possible to pre- 
pare a solid supersaturated solution of lactose, 
generally referred to as lactose glass. This is 
done by quickly removing most of the water 
from a highly concentrated solution so that 
neither the alpha nor the beta form has a 
chance to erystallize. Therefore, in lactose 
glass the proportion of alpha- and beta-lactose 
is close to the equilibrium proportion. The 
subject of lactose glass undoubtedly will be 
discussed further, in the papers to follow. 
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PROBLEMS OF LACTOSE CRYSTALLIZATION IN 
CONCENTRATED MILK PRODUCTS? 


F. J. Doan 


Department of Dairy Science, The Pennsylvania State University, 


University Park 


Lactose crystallization always occurs during 
the processing of sweetened condensed milk 
products; usually oveurs in the manufacture of 
condensed and dried wheys, and may take place 
in such produets as ice cream, plain condensed, 
dry, and frozen milks. The erystallization 
more often happens, or becomes sensible, during 
the holding periods following manufacture. 

The fundamental reason for lactose erystal- 
lization in all eases is either an insufficiency of 
water to hold it in solution under the prevailing 
conditions or sufficient water to furnish a labile 
concentration when lactose is in the amorphous 
or glass state. 

The presence of lactose erystals in dairy 
products constitutes a defect when their size 
is such as to create a mealy, sandy, or gritty 
texture; when they tend to settle and form a 
deposit; when their presence changes the physi- 
eal character of the product or any of its in- 
gredients, or when they interfere with use of 
the product. 

In some dairy products, lactose erystalli- 
zation can be prevented. In others, this is im- 
possible or inadvisable, so that attention is 
necessarily focused on the limitation of crystal 
size to insensible magnitudes. 

Sweetened condensed milk. The necessity for 
control of lactose crystallization in sweetened 
condensed milk has been recognized from the 
beginning, and this product served to focus the 
attention of scientists on the idiosynerasies of 
milk sugar in the processing and storage of 
dairy products. 

As sweetened condensed milk comes from 
the evaporators, the lactose is at, or near, the 
saturation point. Eventually, when cooled to 
60 or 65° F., between two-fifths and two- 
thirds of the lactose present will emerge as 
erystalline a-lactose hydrate. This happens 
because milk sugar is soluble to the extent of 
only about 15 parts to 100 parts of the water 
as found in this product (11). Actually, there 
are 40 to 47 parts of lactose per 100 of water 
in sweetened condensed milk of average com- 
position, made up of an equilibrium mixture 
of about 40% a form and 60 per cent 8 form. 
Crystallization of lactose, therefore, can not 
be prevented, short of previous hydrolysis, and 


* Authorized as Paper No. 2189 in the Journal 
series of the Pennsylvania Agricultural Experi- 
ment Station. 


desirable texture must be achieved by limiting 
the size of the crystals. To obtain smooth 
texture, it has been shown (23) that a narrow 
range of erystal-size is necessary, averaging 
from about 10 to 11 p» along the longest edge. 
At this size, there are between 200,000 and 
300,000 erystals per ml. (23). 

Theoretically, small crystals and a multitude 
of them result when a rather highly supersatu- 
rated solution is seeded under conditions of 
vigorous agitation. Lactose readily forms super- 
saturated solutions. In common with other 
sugars, it manifests a reluctance to crystallize, 
especially in the absence of agitation, until the 
excess sugar in solution is at a very high level 
(7,30). It has been noted, however, that too 
great supersaturation actually reduces the 
crystallization pressure and slows the mass 
formation of crystal nuclei (31). Moreover, 
in sweetened condensed milk the viscosity in- 
creases rapidly with reduction of tempera- 
ture, and interferes with diffusion to the erystal- 
forming centers. Experiment has shown that 
the greatest number of smallest crystals is ob- 
tained when crystallization is forced by seed- 
ing at. temperatures between 80 and 95° F., 
depending on the composition of the sweetened 
condensed milk and its viseosity (10,31). 
Several texts contain data showing the final 
solubility and the spontaneous crystallization 
curves for lactose (1,3,10,32). The area be- 
tween these curves defines the metastable zone, 
where forced crystallization should be practiced 
for most desirable results. Forced crystalliza- 
tion consists of adding 4 to 8 oz. of impact- 
pulverized a-lactose hydrate dust, per 1,000 
lb. of vigorously agitating product, in such a 
way that maximum dispersion results, and of 
continuing agitation for from 30 to 60 min. 
without reduction of temperature. 


Since the final cooling temperature of sweet- 
ened condensed milk is 60 to 65° F., it should 
be appreciated that more lactose will crystallize 
on the nuclei already formed as the tempera- 
ture is reduced following forced crystallization. 
This oceurs not only because of the decreasing 
solubility of the a-lactose still in solution, but 
because of the equilibrium relationship between 
the a and 8 forms, which results in mutation 
of the B form to a, as the a in solution is 
decreased by crystallization. This mutation or 
reversion is a relatively slow process. At 60° F., 
it is only about 90% complete after 8 hr. (8,9), 
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and for this reason a period of agitation is 
desirable between final cooling and packaging 
of the finished product. This agitation assists 
in accelerating the 8 to a reversion, and in 
making uniform the erystal growth in a prod- 
uct as viscous as sweetened condensed milk. 

While many commercially used types of cool- 
ing and erystallization equipment for sweetened 
condensed milk make use of the forced erystal- 
lization concept at the optimum temperature, 
a notable exception is the long and successfully 
used submerged coil, or internal-tube, method, 
where milk from the evaporators is pumped 
continuously through the cooling tubes to bring 
it to its final temperature, with or without 
previous seeding. It appears that in such equip- 
ment seed crystals are encountered in the cooler 
when the temperature drops far enough to in- 
sure a satisfactory degree of lactose supersatu- 
ration. The crystallizing impulse is dissemi- 
nated through the mass of milk as it is forced 
in a rolling motion through the tubes. Inasmuch 
as there is no lengthy forced crystallization 
period in this type of cooling, the desirability 
of a lengthy period of agitation before filling 
would seem to be emphasized. 

Some manufacturers, who practice standard- 
ization of overconcentrated milk by adding 
sterile water before filling, feel that a secondary 
advantage of this practice is the reduction in 
size of the lactose crystals by partial solution 
in this water. No studies substantiating this 
have been reported. 

The sedimentation of lactose crystals, in a 
given batch of sweetened condensed milk during 
holding, is a function of crystal size, viscosity, 
and time. If crystallization techniques are 
satisfactory, sedimentation can best be avoided 
by adjusting the viscosity, by means of pre- 
heating conditions and milk-solids-not-fat level, 
keeping in mind the thickening tendeney on 
aging and the probable time and temperature of 
storage. Variations in ambient temperature 
during storage (heat-shock) are known to cause 
growth in erystal size by solution of small 
erystals, and subsequent increase in size of the 
larger ones, as the temperature changes vary 
the solubility of lactose. 

Other highly concentrated products in which 
lactose will crystallize during or following 
manufacture, are generally treated like sweet- 
ened condensed milk, utilizing a seeding pro- 
cedure and forced crystallization to assure small 
erystals which will not grow to objectionable 
size. 

Some concentrated whey products are proc- 
essed in this fashion, and sweetened condensed 
whey and preserved concentrated ice cream 
mix always are so treated. The latter product, 
however, may include some sodium caseinate 
as part of the serum solids, to reduce the level 
of lactose present (32). 

Plain condensed milk. Crystallization and 
sedimentation of lactose in plain condensed 
milks are not common, but oceasionally do 


oeceur with high-solids products. Some crude 
observations have indicated that 4-to-1 whole 
milk will usually erystallize under unagitated, 
40° F. holding in 72 hr.; similar skimmilk, not 
until after 240 hr. The former product contains 
about 40 parts of lactose to 100 water, and the 
latter about 31 parts. At 3-to-1 concentration, 
where the highest lactose : water ratio is about 
24 to 100, usually neither whole nor skimmilk 
will show evidence of crystallization up to 480 
hr. These results agree in general with those 
which have been made on supersaturated water 
solutions of lactose (7). It probably can be 
said that lactose will not crystallize in plain 
condensed milk during customary, unagitated 
holding periods in refrigerated storage, so long 
as the lactose : water ratio is not over 30 parts 
per 100—unless inadvertent seeding or some 
other crystallizing impulse is furnished. 

Some milk-drying plants, using continuous 
methods, have experienced trouble with lactose 
crystallization in the accumulation tanks feed- 
ing the driers. These tanks are often uninsu- 
lated and unagitated, and considerable cooling 
may oceur in quiescent areas, increasing the de- 
gree of supersaturation of the lactose to a point 
where spontaneous crystallization may take 
place. Once this has happened, crystallization 
builds up rapidly, because of the seed material, 
and a sludge may develop. It has been necessary 
in some eases to suspend operations for clean- 
ing, or to divert the milk to an auxiliary tank 
until remedial action can be taken. Knowledge 
of this problem is meager, but some available 
information indicates that when the tempera- 
ture of the milk is uniformly maintained by 
agitation at 120° F. or higher, no crystallization 
occurs. This appears logical, inasmuch as 
little or no supersaturation would exist at this 
temperature. It also would seem possible to 
avoid the problem by limiting the solids con- 
tent of the skimmilk from the evaporators to 
45%, for at this level the lactose : water ratio 
would be 45 to 100, corresponding to a spon- 
taneous erystallization temperature of 70° F. 
or less. 

Ice cream. The erystallization of lactose in 
ice cream, causing sandy texture, is a recurring 
problem to manufacturers. Evidence indicates 
that in freshly hardened ice cream the equi- 
librium mixture of the a and 8 forms of lactose 
is in the glass state, and is stable as long as the 
temperature remains at the hardening-room 
level (7, 22,27). In the freezing of ice cream, 
the lactose solution apparently passes through 
the labile zone so rapidly and at so low a tem- 
perature that no opportunity exists for the 
molecules to diffuse and orient into crystal 
structures. Undoubtedly, the high viscosity 
of the unfrozen liquid is a crucial factor in this 
connection (22). 

When ice cream is warmed to, and held at, 
dipping temperatures or dispensing-cabinet 
temperatures, some ice melts, and there must be 
produced an infinite variety of lactose concen- 








ko 


—— ee, a a ae 








SYMPOSIUM 327 


trations, over a period of time, as molecules 
diffuse slowly into these water droplets from 
the amorphous glass. Some of the concentra- 
tions doubtless will be in the labile zone for 
the temperature, and permit spontaneous 
crystallization; others will be in the metastable 
zone, where crystallization can oceur if a stimu- 
lus in the form of lactose crystal nuclei, or fine 
particles of extraneous matter, exists. Because 
of the low temperature, crystallization pressure 
will be low and no mass crystallization would 
be expected. Nevertheless, the nuclei formed 
will act as a seed impulse for further erystal- 
lization, as opportunity offers, and will them- 
selves tend to grow slowly with time. Eventu- 
ally, the ice cream will become sandy. 

Since all ice cream, as conventionally made, 
contains more lactose than is soluble in the 
available water at the temperature, the wonder 
is that all ice cream does not become sandy 
after a few days in the dispensing cabinets. 
The fact that limitation of the serum solids 
content of the mix prevents, or at least greatly 
delays, lactose crystallization can not be en- 
tirely explained on the basis of our present 
knowledge. However, it is true that with low 
lactose mixes the sucrose : lactose ratio is 
generally greater, and at comparable tempera- 
tures the lactose-water concentration would be 
lower in such mixes. 

An equation has been proposed (22) for eal- 
culating a safe maximum serum solids content 
for ice cream mixes. This establishes an aver- 
age limit of 14.5% for the serum solids content 
of the serum, but may be varied about 1%, 
down or up, depending on whether conditions 
will be conducive or nonconducive toward the 
development of sandiness in the ice cream. Ex- 
perience has shown that this method of con- 
trolling the defect is generally, but not abso- 
lutely, satisfactory. 

Fruit and nut ice creams are more prone to 
become sandy than most plain flavors. The 
usual explanation is that the added flavor sub- 
stances either furnish fine particles capable 
of acting as crystallization nuclei, or that they 
absorb water from the serum. 

Some manufacturers have used high levels of 
serum solids and avoided the problem of sandi- 
ness by employing skimmilk products from 
which substantial proportions of the lactose 
have been removed. Others have utilized, for 
this purpose, proteins (usually sodium casein- 
ate) separated from milk products. 

A method of obtaining high serum solids ice 
cream without texture problems was patented in 
1932, but has not been used much commercially 
(6). In this procedure, a substantial portion 
of the total serum solids is added in the form 
of dry skimmilk to the partially frozen ice 
cream. It was claimed that inasmuch as the 
lactose of the dry product can not go into 
solution, because of the already supersaturated 
condition of the ice cream, it therefore can not 
crystallize later. This reasoning seems falla- 


cious, in view of the fact that lactose in the 
added dry milk is in the same glass state as 
that in the hardened ice cream. If the latter is 
capable of crystallizing with a rise in tempera- 
ture, there seems no good reason why the former 
should not do so under dispensing-cabinet con- 
ditions. Nevertheless, this method does seem 
to accomplish the purpose in view. 

More recently, enzymatic hydrolysis of the 
lactose of skimmilk has attracted some atten- 
tion as a means of lowering the lactose level of 
ice cream mixes (19), but the time element and 
inconvenience would seem to militate against 
its large-seale adoption. 

A different approach to the problem of sandi- 
ness which is of interest was patented in 1953 
(4). This method is reminiscent of the psy- 
chology: “If you can’t beat ’em—join ’em.” 
It takes the viewpoint that since lactose erystal- 
lization is virtually impossible to prevent abso- 
lutely, it is better to force crystallization to 
occur and to control the size of crystals, as is 
done with sweetened condensed milk. The 
method has been studied in considerable detail 
at California (13,14,15). When ice cream 
mix, immediately before freezing or in the 
partially frozen state, is properly seeded with 
fine lactose dust (3 to 7 w in particle size), 
mass formation of erystal nuclei oceurs. The 
crystals are so small and so numerous that they 
never reach sensible size, even though consider- 
able quantities of B-lactose slowly revert to the 
a-form and build up on them during the hold- 
ing period. Ice cream containing 18% serum 
solids has been produced by this procedure and 
held for 10 mo. at 12° F. without evidence of 
sandy texture. It has also been demonstrated 
that dried products, such as dry skimmilk and 
dry whey, added at the freezer, induce mass 
crystallization in a manner similar to that of 
the seed lactose (15). It appears, therefore, 
that the earlier patent covering the addition of 
dry skimmilk at the freezer actually avoids 
sandiness, not because the lactose of the dried 
product fails to go into solution, but because 
it induces mass erystallization in the form of 
impalpable crystals. This method of over- 
coming the problem of sandy ice cream de- 
serves more study, and its possible effect on 
body, texture, and melt-down characteristics 
should be investigated. 

Frozen milk. In frozen milk, it is the loss of 
stability on the part of the caseinate that de- 
termines the length of the period of satisfactory 
holding (5). It is of interest, and possibly 
highly significant, that a relationship between 
casein flocculation and lactose crystallization 
has been demonstrated in frozen concentrated 
milk at the National Dairy Research Labora- 
tories (29). This has been nicely confirmed and 
extended by studies at the National Research 
laboratories, Ottawa, Canada (17,18, 25, 26). 

In 3:1 concentrated skimmilk, preheated 
at temperatures below 170° F. and held in 
frozen storage, the casein maintains its stability 
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as long as the lactose remains as a supersatu- 
rated solution, or glass. At temperatures of 
— 20° F. and below, this condition seems more 
or less permanent, and milk can be held for 
very long periods. Between — 10° and 0° F., 
lactose crystallizes rather reluctantly and only 
after a considerable induction period. Above 
0° F., however, it is only a matter of a few 
days before lactose appears in erystal form, 
and soon thereafter casein is found in the floc- 
culated condition on defrosting. 

Incidentally, the similarity between lactose 
erystallization in frozen milk and in ice cream 
is close, as might be expected. First, the tem- 
peratures at which crystallization oceurs, or 
does not occur, are very much alike in the two 
products. Secondly, just as a reduction in the 
serum solids content of ice cream mix acts to 
postpone the development of sandiness, so does 
the lowering of the concentration ratio of the 


concentrated milk, prior to freezing, delay 
crystallization in the frozen product. This is 


in spjte of the fact that lactose concentration 
in both frozen products is dependent not on 
composition—but on temperature. For instance, 
it has been shown that when fluid milk, and the 
same milk concentrated to 30% solids, were each 
frozen and held at 15° F. for 23 days, the 
former exhibited no lactose crystallization and 
no destabilization of the casein; whereas, in 
the latter, 75% of the lactose had erystallized 
and the casein was in an advanced stage of 
flocculation (28). Thirdly, the melt-down of 
sandy ice cream almost always exhibits a curdy 
character, which is doubtless a result of casein 
flocculation similar to that found in defrosted, 
erystallized frozen milk. 

There is also a kind of analogy between the 
destabilization of casein in frozen concentrated 
milk when lactose erystallizes, and the loss of 
solubility and dispersibility of casein in dry 
milk when lactose crystallization and lumpiness 
occur, following absorption of moisture. Both 
seem to become manifest as a result of, or 
at least subsequent to, lactose crystallization. 
This analogy, however, seems not to hold in 
the instantizing treatment of dried milk. 

Why, or by what means, the change of lactose 
from a molecularly dispersed state to a erystal 
form influences the physical or physico-chemi- 
cal properties of calcium caseinate, is not 
known, but it may be pertinent to mention what 
is known relative to the nature of the casein 
floc as it appears in frozen milk. 

The loss of dispersibility is noted on de- 
frosting, especially on reconstitution. In the 
early stages, it is reversible with agitation 
and/or heat, but with continued storage it 
becomes irreversible. It is thought to result 


from a salting-out effect caused by the high 
concentration of solubles in the unfrozen water 
of the frozen product. Casein of similar charac- 
teristics can be obtained by aging skimmilk 
saturated with sodium chioride at room tem- 
perature (5). Instability of the casein can be 
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aggravated by heat denaturation of the whey 
proteins and by anything which stimulates lac- 
tose erystal nuclei formation prior to freezing 
(18). Instability can be lessened by the pres- 
ence of other sugars (17,33), by sequestration 
or removal of calcium ions (33), and by enzy- 
matie hydrolysis of a portion of the lactose 
prior to freezing (28, 29). 

It has been postulated that inasmuch as other 
sugars in solution manifest a stabilizing influ- 
ence on the ecaseinate (26,33), lactose may act 
similarly (29). When it crystallizes from solu- 
tioin, it leaves the unfrozen water with lower 
osmotie pressure, so that more water freezes 
and intensifies the salt concentration which in 
turn, operates to floculate the casein (17). 
Sugars, furthermore, contribute greatly to the 
viscosity of the unfrozen liquid, tending to 
block diffusion and slow any of the changes in 
the system which affect casein stability. There 
is also a possibility that sugars form com- 
pounds with calcium (7), an ion to which casein 
is particularly sensitive. 

This newly discovered relationship between 
lactose nucleation and casein instability in con- 
centrated milks deserves further study. 

Dried milks. Lactose does not normally eryst- 
allize in the drying of milk by the usual spray 
and drum methods. It is found as an equilib- 
rium mixture of a and 8 forms in the amor- 
phous glass state (27,32), in fresh powder, and 
will so remain if the product, which is very 
hygroscopic, is protected from moisture. 

Lumping and eaking of dried milk after 
manufacture is generally conceded to be caused 
by the gradual absorption of moisture, which 
dilutes the lactose glass to the point where a 
supersaturated solution in the labile zone is 
obtained. Crystallization of a-lactose hydrate 
usually results, and the masses of growing 
erystals form a structure causing lumpiness 
and, eventually, solidification (27). B-lactose 
also may take part in this crystallization, when 
¢_nditions are favorable (20). The decrease in 
solubility which usually accompanies lumping 
may be due to the loss of casein stability, as 
noted in frozen concentrated milk, when lactose 
crystallizes (29). Air-tight packages are es- 
sential in preventing crystallization and in 
maintainin’ the quality of dry milk. 

The process of producing instantly soluble 
dry milk by humidifying the freshly dried 
product, clustering the particles and redrying, 
permits partial crystallization of lactose before 
the moisture level is again reduced below the 
point where crystals can form. Such instant 
milk contains about three parts a-lactose to 
two parts 8-, instead of the usual two a- and 
three B- (2). Lactose crystallization is ap- 
parently not necessary for the improved dis- 
persibility, inasmuch as instant milk made by 
other techniques, where the equilibrium ratio 
of a- and £#-lactose is not disturbed, shows 
good dispersion characteristics, at least when 
freshly made (2). 
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Dried whey. The drying of whey is compli- 
cated by the fact that lactose forms such a large 
fraction of the solids. When dehydrated, whey 
is much more hygroscopic than skimmilk, easily 
becomes sticky, and is difficult to handle. 

It is possible to reduce the difficulties by 
mixing the whey with fillers, such as various 
flours, or even skimmilk (12, 24), before drying, 
but this changes the composition and adds to the 
bulk of the finished product. 

A number of special processes (10,32) have 
been patented for manufacturing stabilized 
dried whey. A stabilized product is one which 
will not absorb objectionable quantities of 
moisture from the air and become sticky, lumpy, 
or solid. Usually, stabilization is accomplished 
by causing a considerable proportion of the 
lactose to crystallize from the concentrated 
product before the final moisture is removed; 
or by rehumidifying the dried product to cause 
erystallization, with or without secondary dry- 
ing. Usually, the erystallized lactose is the 
a-hydrate, but if the crystallization is forced 
at temperatures above 200° F., -anhydride 
erystals result (21). In either case, if sufficient 
lactose is converted from the glass state to the 
erystal state, the dried whey will be relatively 
nonhygroscopie and easily handled and used. 
These methods require special equipment and 
special procedures which are foreign to the 
conventional methods of drying fluid whole and 
skimmed milk. 


Conclusion 


In conelusion, it can be said that lactose is 
troublesome in processing, packaging, and 
storage of many concentrated milk products, 
because it tends to crystallize. Although many 
techniques for controlling and minimizing the 
difficulties of crystallization, and threatened 
erystallization, have been developed, the prob- 
lem is not completely understood and some of 
the corrective measures now employed are only 
partially effective. Research in this area should 
be fruitful, and the results useful in improving 


product-quality and in prolonging keeping 
periods. 
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COMMERCIAL PRODUCTION OF LACTOSE 


M. E. Hon 
Research Division, Armour and Company, Chicago 


There have been so many excellent papers 
published within the last 15 yr. on the methods 
of manufacture of lactose that a review of this 
literature would be repetitious. However, it 
might be desirable to refer to some of the more 
important reviews. Webb and Ramsdell (7), 
Webb and Whittier (8), Whittier (10), and 
Whittier and Webb (11), have published ex- 
cellent reviews of the subject. Those by Hun- 
ziker (5), Kastens and Baldauski (6), and 
Weisberg (9) should also be included. 

These papers have been very helpful to the 
dairy industry. Those from the Bureau of Dairy 
Industry (7,10), published during World War 
II, undoubtedly were responsibie for elimi- 
nating a considerable amount of confusion, as 
well as saving much time and product, when 
the production of penicillin caused an increase 
of more than 200% in the production of lactose 
within a 3-yr. period. 

Figure 1 gives the annual production of 
erude lactose in the United States from 1943 
to 1955. This figure shows the effect of peni- 
cillin upon lactose production. Prior to 1944, 
lactose had been produced at a level similar 
to that of 1943, at approximately 7.3 million 
lb. When it was found that lactose increased 
the growth rate of Penicillium notatum, result- 
ing in large increases in the yield of penicillin, 
then the lactose production curve followed that 
of penicillin. The peak production figure of 
50,156,000 Ib. in 1951 has been reported to be 
due to the combined effect of the Korean war 
and the use of penicillin as a growth stimulant 
in animal feeds. The curve for the last 3 yr. 
is still ascending at a rate comparable to that 
of the 1943-1948 period. It is also evident 
that the production of 35,356,000 lb. for 1955 
is about a fivefold increase during a 12-yr. 
period. 

It is estimated that about 10 billion lb. of 
whey are obtained yearly in the United States 
from cheese and casein manufacture. Assuming 
that there is 5% lactose in whey and that 60% 
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of it is reeovered, then less than 7% of the 
available supply is used for this purpose. 
Since it is desirable to have many outlets for 
products which have not been fully utilized, 
it is of interest to explore some of the reasons 
why so little whey is used for lactose produc- 
tion. The probable reasons are: 


1. Need for more uses for lactose. 


2. Need for better methods of obtaining lac- 
tose. 

3. Need for more uses for the lactose mother 
liquor in the making of edible or pharma- 
ceutical products. 


The last two needs will be discussed in the 
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remaining part of this paper. The first point, 
relative to the need for more uses for lactose, 
will be discussed in the next paper in this sym- 
posium, The Commercial Uses for Lactose. 

We feel that better methods of producing 
lactose will be found, in which a high yield of 
edible lactose will be obtained by one erystalliza- 
tion and leaving as a by-product the lactose 
mother liquor, which will be used as a highly 
desirable source of edible proteins and salts. 
The advantages of such a method may be seen 
after describing some of the procedures relied 
upon by many methods of obtaining lactose. 

These methods, in the main, rely upon the 
removal of the proteins, before concentrating 
the whey. This is carried out as follows: 


1. Lime or calcium salts added to whey. 


2. Whey heated to near boiling to coagulate 
whey proteins, followed by decanting and 
filtering prior to concentrating to about 
40% total solids. 


3. Partially concentrated whey removed 
from vacuum pan, boiled with decolor- 
izing carbon, filtered and then concentrated 
to about 70% total solids. 


4. Lactose crystallized, followed by removal 
from mother liquor by centrifuging. 


5. Lactose yield between 60 and 70%. 


6. Lactose mother liquor and the two coagu- 
lated whey protein fractions used for ani- 
mal feed. 


Bell, Peter, and Johnson (2), of the Bureau 
of Dairy Industry, developed a method in 1928 
in which the whey proteins were left in the 
whey during the lactose removal. This protein 
was found to be in a more or less soluble state 
in the mother liquor. Almy and Hull (1) found 
that by adding the calcium-sequestering agent, 
sodium tetraphosphate, they could improve the 
method of Bell, Peter, and Johnson. It appeared 
that the sodium tetraphosphate prevented the 
high concentration of calcium salfts from coagu- 
lating the whey proteins that interfered with 
good lactose crystallization and centrifuging. 
This method has been found to be very practical 
for obtaining a high grade of edible lactose. 
Yields approaching the theoretical have been 
obtained, and the resulting mother liquor has 
been found satisfactory for making a sweetened 
condensed product that has been used in con- 
feetionery products (3). 

A further advance in methods for making 
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lactose has been found in the use of the ex- 
change resins. Hull (4) was able to exchange 
the calcium in whey for sodium by a base 
exchange resin and to increase the yield of lae- 
tose. After the calcium was decreased, it was 
found that the whey proteins were quite re- 
sistant to heat denaturation, so that they did 
not interfere wtih lactose crystallization or cen- 
trifuging. Consequently, the lactose yields were 
high and the ash and protein contents of the 
edible lactose were very low. The mother liquor 
is a very desirable product for edible uses, 
because the whey proteins are in a soluble, un- 
denatured state. 


Summarizing, it should be evident that every 
effort should be made to adopt new methods and 
techniques that will enhance the value of all 
the dairy products and by-products. If the 
by-products that have been considered either 
as animal feeds or as waste products can be 
re-evaluated and found to have a place as food 
for humans, the whole dairy industry will be 
benefited. 
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UTILIZATION OF LACTOSE 


A. O. CALL 
Western Condensing Company, 
Division of Foremost Dairies, Inc., 


Appleton, 


In cows’ milk, lactose is the largest single 
solids component, with the possible exception 
of fat in certain breeds. In some eases, dairy 
products may be used largely because of their 
lactose content, and at other times the desired 
effect comes about from a combination of the 
lactose and other constituents of milk. How- 
ever, in discussing the uses of lactose, only 
lactose which has been separated from the other 
constituents will be considered. In commerce 
today there are four main grades of lactose 
available: Lactose Fermentation Grade, Crude 
Milk Sugar, Lactose Edible, and Lactose U.S.P. 
The term Technical Grade has been used in 
the past, but this designation now has largely 
given way to Lactose Edible. Recently, a Lac- 
tose U.S.P Spray Process has come into use. 
In degree of refinement, it is intermediate be- 
tween Lactose Edible and Lactose U.S.P. made 
by the conventional process. For comparative 
purposes, a typical analysis of each grade is 
listed (Table 1). 

Each grade shown represents a different 
degree of refining or purification. As the im- 
purities are removed, there is usually a corre- 
sponding increase in cost. In commercial prac- 
tice the grade used for any particular appli- 
cation is usually the lowest-cost product which 
will still satisfy the requirements in question. 

Not only is there competition of one grade 
of lactose with another, but to a large degree 
lactose competes with other sugars for specific 
usages. The unique physical and chemical prop- 
erties of lactose make it superior to other 
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sugars for certain applications, but in other re- 
spects it cannot compete. Obviously, when one 
is looking for new uses for lactose, the most 
fruitful areas are those applications which take 
advantage of the unique properties of it, or at 
least those applications where a premium may 
be paid for certain characteristics in which 
lactose may excel. Research into new uses or 
applications is often rewarding but may be 
disappointing. At times, the disappointments 
can be turned into profitable alternate uses. 

A few of the more obvious differences be- 
tween lactose and common sugar, or sucrose, 
are: (1) Sweetness. Using a seale of 100 for 
sucrose, lactose has a sweetness of only 16 or, 
in other words, it is only about one-sixth as 
sweet. (2) Lactose is much less soluble in water. 
At room temperature a saturated solution con- 
tains only about 20%. (3) Lactose is not fer- 
mented by bakers’ yeast. (4) Lactose excels 
in the retention of flavors and aromas. Most 
dairymen are well aware how fluid milk will 
take on the flavors of the surroundings if it is 
not protected. This characteristic comes largely 
from the lactose. (5) Lactose is also superior 
in absorbing color and pigments. (6) When 
heated in the presence of proteins, lactose will 
turn brown, or caramelize. This is often a 
vexing problem with certain milk products, 
such as evaporated milk, but this characteristic 
is taken advantage of in many applications or 
uses of lactose. (7) Lactose is believed to have 
special nutritional advantages, compared with 
other sugars. 


TABLE 1 


Typical analyses of various grades of lactose* 


Lactose 
Fermen- 
tation 
Grade 


Lactose, by difference (“%) 97.00 
Free moisture (%) 0.50 
Acidity, as lactie (%) 0.40 
Protein (N X6.25) (%) 1.00 
Ash (%) : 0.80 
Fat (ether extractable) (©) 0.30 
Heavy metals, as Pb (p.p.m.) 5 
Turbidity (3 g.+10 ml.) (p.p.m.) 

Color (3 g.+10 ml.) (p.p.m.) 

Scorched particles (mg. per 50g.) 22.5 


Bacterial estimate (per gram) 
Standard plate count 
Escherichia coli (in 10 mg.) 
Sporeformers (in 100 mg.) 


Lactose 


Crude US.P., 

Milk Lactose Spray Lactose 
Sugar Edible Process U.S.P. 
97.75 98.75 99.25 99.60 

0.40 0.60 0.50 0.20 

0.30 0.04 0.03 0.03 

0.75 0.20 0.10 0.05 

0.65 0.15 0.05 0.03 

0.20 0.15 0.10 0.05 

3 2 1 1 

30 10 3 
30 25 15 
15.0 7.5 7.5 I 
1,000 1,000 1,000 
Negative Negative Negative 
Negative Negative Negative 


* The magnitude of the values given depends somewhat upon the analytical methods used. 
This is especially true of the free moisture values. 
between free moisture and water of crystallization. 


Some moisture methods do not differentiate 
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These and other characteristics of lactose 
will be discussed in more detail as specific uses 
are mentioned. 

Fermentation Media. Lactose is the preferred 
carbohydrate in many fermentation media. 
This was especially true in the early produc- 
tion of penicillin by mold fermentation. It is 
fermented more slowly than many other sugars. 
Someone compared its utilization in a fermen- 
tation substrate to a slow-burning oak stump, 
as contrasted with pine kindling. With peni- 
cillin urgently needed for defense purposes in 
the early days of its production, cost became 
an item of secondary consideration, especially 
since many producers worked on a cost-plus 
basis. After the war, research workers found 
that fast-fermenting sugars such as glucose 
could be fed continuously into fermentations 
as the sugars were depleted and, in so doing, 
replace slow-fermenting lactose in the medium. 
This practice resulted in a reduction in the 
tonnage of lactose used for certain fermenta- 
tions, but many companies still prefer to use 
lactose despite this innovation. Improvements 
in the efficiency of the manufacture of lactose 
in recent years have resulted in lowering costs, 
especially of the unrefined fermentation grade. 
This has encouraged the continued use of lac- 
tose as the carbohydrate of choice in many 
commercial fermentation media. The fermen- 
tation usage probably accounts for the largest 
single outlet for lactose in the industry today. 

Pharmaceutical. The pharmaceutical and 
drug trades have used refined lactose for many 
years. The principal use is as a diluent or ex- 
tender for many drugs. A common practice has 
been to mix or grind powdered medicinals or 
drugs with lactose to produce what is known 
as triturates. Lactose has peculiar character- 
istics which favor tablet- or pill-forming, both 
by compression and by molding. In making 
molded tablets a liquid, usually a volatile one 
like aleohol, is mixed with the lactose carrier and 
active ingredient or ingredients to make a paste 
which can be molded. After drying, the tablets 
are firm. Lactose is also used as a coating for 
some pills. For all of these applications a rela- 
tively high purity lactose is used. It must meet 
the requirements or specifications set forth by 
the United States Pharmacopeia; hence, is 
known as Lactose U.S.P. 

Lactose is a common ingredient in many bac- 
teriological media. It is used especially in the 
detection of coliform organisms for, unlike 
most other organisms, they will ferment lac- 
tose with the production of gas. 

Infant foods and special diets. Bottle-feed- 
ing of babies has become very popular and 
many milk-based preparations are sold for this 
purpose. It is lamentable that some early 
specialists in pediatrics did not recommend 
lactose as an ingredient for infant feeding and 
actually campaigned against it. They main- 
tained that lactose, or its break-down products, 
in the intestinal tract caused gastric inflam- 
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mation and injury to the baby. There is still 
room for research into the role of lactose in 
nutrition, especially for infants, but at least 
many of the prejudices of a few decades ago 
seem to have disappeared. The attitude seems 
to be that Providence must have had good 
reasons for putting lactose in the milk of all 
mammals and, further, that it might not be just 
an accident that mothers’ milk is much higher 
in lactose than cows’ milk. Today most of the 
proprietary formulas for bottle-feeding babies 
are fortified with lactose and this market has 
become an important one. 

When lactose was first used in infant foods, 
the grade used was largely Lactose U.S.P. Basi- 
cally, it is uneconomical to refine lactose to 
contain less than 0.1% minerals and then add 
it to dry milks which contain about 8.0% 
minerals. The practice seems even less justified 
because the minerals removed from lactose 
originate in milk. Lactose Edible was de- 
veloped largely for use in infant foods. This 
grade could be produced more economically 
than the U.S.P. grade; in addition, require- 
ments such as bacterial content, ete. were 
beyond those called for by the Pharmacopeia. 
In this connection, it is of interest to note that 
the Lactose U.S.P. monograph makes no men- 
tion of bacterial count, coliforms, or spore- 
formers, which are considered so important in 
most food products. The specifications for Lac- 
tose Edible set up by various manufacturers 
in the industry recognize the importance of 
these items. 

Beta-lactose has been popular for use in in- 
fant feeding. It is sweeter and more soluble 
than the alpha-monohydrate form of commerce, 
which is also the U.S.P. grade, and usually com- 
mands a premium in price. From the stand- 
point of nutrition there is little if any ad- 
vantage to the beta form, for when either the 
alpha or the beta form goes into solution it 
forms the same equilibrium ratio of alpha to 
beta. Both dissolve before digestion—even if 
eaten dry. Dry beta-lactose is anhydrous, 
whereas the alpha-monohydrate contains about 
5% otf water of crystallization. 

The galactose half of the lactose molecule 
seems to be responsible for many of the nu- 
tritional advantages claimed for lactose. It is 
reported to aid in the development of cerebro- 
sides and mucopolysaccharides which seem es- 
sential to normal menta] development in the 
infant. Lactose has a beneficial influence in 
changing the bacterial flora of the intestinal 
tract; it is reported also to aid in the assimi- 
lation of calcium and possibly magnesium. 
Babies fed diets fortified with lactose seem to 
develop firmer muscle structures than those 
fed diets supplemented with sucrose or other 
carbohydrates. Total weight gain is not the 
best criterion for judging the adequacy of a 
diet. Gne author classified lactose as a strue- 
tural carbohydrate and most of the other sugars 
as energetic carbohydrates. If glucose can be 
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called a quick-energy sugar, it might well be 
that lactose could be catled the sustained- 
energy sugar. 

Lactose has enjoyed some acceptance as an 
ingredient in special diets, and some of the 
features just mentioned may apply equally well 
to such uses, even when adult or geriatric diets 
are involved. Some have claimed that diabetics 
ean tolerate lactose levels far in excess of what 
might be expected, compared with sucrose or 
glucose. It may well be that the slow-burning 
characteristic of lactose helps in this respect. 
Some accepted diabetic ice creams have rela- 
tively large levels of lactose. 

Food uses. In the food field there are many 
places where lactose can be used to advantage. 
Generally speaking, however, if the other con- 
stituents of milk can be utilized, too, it may be 
less expensive to use milk products rather than 
isolated, refined lactose. If, for instance, lactal- 
bumin and milk minerals do not adversely affect 
the finished product, it may be that dry whey 
is the most economical source of lactose. If 
casein can also pay its way, the choice may be 
nonfat dry milk; and if butterfat also can be 
counted on to render value received for what 
it costs, the sources of lactose may be dry whole 
milk, or even fluid whole milk. In many appli- 
cations, lactose per se is the choice of the food 
processor, just as he may well prefer to add 
butterfat to achieve some desired characteristic, 
rather than to use whole milk. 

The wide variety of products produced by the 
baker affords a fertile field for lactose. Top- 
pings and icings are often criticized for being 
too sweet. Replacing from 15 to 20% of the 
sucrose with lactose not only overcomes this 
objection but increases the color stability, if 
color is added, and enhances the flavor. Créme 
centers for cookies likewise can often be im- 
proved. Pie crusts can be made flakier and 
often improved in flavor by adding from 6 to 
8% of lactose to the flour. Lactose has a sparing 
effect upon the shortening, as well as giving 
a better golden-brown color to the baked erust. 
Sogginess of the crust can be reduced by ap- 
plying a lactose-solution wash to the surface 
before baking. This is especially helpful in the 
commercial production of pies, in which ex- 
tended shelf-life is important. The same ap- 
plies to meat pies and frozen pies of various 
kinds. Generally speaking, many of the pie 
fillings, either fruit or custard, can be im- 
proved by substituting lactose for a percent- 
age of the sucrose. 

In the candy industry, lactose contributes 
to the characteristics of many candy varieties. 
In the past, this has generally been achieved 
by adding milk, but with lactose available as 
an economical ingredient the candy craftsman 
has more leeway for expressing individuality. 
This is especially true in such traditional candies 
as the fudges and caramels. Not only is flavor 
often enhanced but lactose changes the crystal- 
lization characteristics of the sucrose and in- 


vert sugar, may give a better body or texture, 
or may improve chewiness and shelf-life. Recent 
work at the Southern Utilization Research and 
Development Division’ has pointed up some 
of the advantages in the use of lactose in eandy- 
making. There is much room for experimen- 
tation and research in this field. 

There seems to be a place for the use of 
lactose in the processing of some fruits and 
vegetables. It will often enhance the flavor 
and give a better color. Frozen fruit juices 
are also possibilities. 

Potato chips and French-fried potatoes can 
be given a deeper, more uniform golden color 
if they are dipped in a lactose solution before 
cooking in deep fat. 

In the dairy industry finely powdered lac- 
tose has been used to seed sweetened condensed 
milk and thus improve the finished body or 
texture. Lactose has been used as an ingredi- 
ent to improve cheese spreads. In the manu- 
facture of chocolate drinks, the addition of a 
small percentage of lactose seems to enhance 
the flavor. Generally speaking, however, most 
of the dairy products are so shackled by laws, 
such as our system of issuing standards of 
identity, that there is little room for the pos- 
sible use of lactose in their preparation, even 
though a nutritional or economic advantage 
may be demonstrated. 

Lactose is a large component of dry coffee- 
cream preparations and it may be used to ad- 
vantage in such items as dry soups ete. which 
are to be dispensed from vending machines. 

It seems there is no limit to the variety of 
applications where lactose might be used. It 
would probably work if sprinkled on icy walks 
in place of sand and the chances are, when it 
dissolved, it would be less harmful to the lawn 
than the salt often used. We read of using 
lactose in the silvering of mirrors and in the 
manufacture of pyrotechnics, and some of you 
may have seen branches covered with rocks of 
lactose in a cordial or liqueur bottle promi- 
nently displayed for show purposes. A research 
worker in one of our leading dental schools 
came up with the idea of mixing large lactose 


crystals in varying proportions in the dough 
used in making small cookies. When cheeck- 


ing to see how well a client’s dentures fit, he 
would begin feeding the cookies with only a 
few lactose crystals in them and then work up 
the scale. The lower the level at which the 
client could detect the harmless, hard crystals, 
the better his dentures were seated. 

Lactose is used in many different applica- 
tions and the chances are that its uses will be 
extended further. Manufacturers are equipped 
to offer most any grade or variety which may 
be demanded. With improved methods of pro- 
duction, and corresponding reductions in cost, 
this segment of our dairy industry seems 
destined for further expansion and growth. 

“ & 
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FUTURE UTILIZATION OF DAIRY PRODUCTS? * 


D. V. Josepuson, F. J. Doan, anp Stuart Patron 
Department of Dairy Science, The Pennsylvania State University, 
University Park 


The dairy industry of the United States, in 
1956, had a sales volume for its products of 
slightly over 4.5 billion dollars. Two and one- 
half million farm families derived the major 
portion of their income from milk and over 
39 thousand plants employed 250,000 workers 
to process and deliver the products manufac- 
tured by the dairy industry. The dairy prod- 
ucts made available to American consumers 
furnished about 30% of the dietary protein 
and although per capita consumption of milk- 
equivalent now exceeds 700 lb., each year the 
industry is confronted with surpluses in ex- 
cess of 5 billion pounds. 

The 25 million dairy cows that produce the 
estimated 127 billion pounds of milk per year 
contribute, through dairy products, about 15% 
of all retail food sales. In addition to this, 
dairy cows account for approximately 40% 
of the beef and nearly all of the veal consumed 
in this country. These truly remarkable ani- 
mals, because of their unique ability to con- 
vert crude forms of forage and grain to highly 
nutritious foods for humans, have attained an 
important position in our agricultural economy. 

Although we do not wish to belabor the pro- 
duction aspects of milk, it is important to con- 
sider some of the present-day trends that might 
determine how much milk, in its various forms, 
will be available in the future for processing 
and distribution. Current statistics on a nation- 
wide basis are not readily available, but it is 
generally agreed that the number of dairy farms 
is steadily declining. In Pennsylvania, the agri- 
cultural economists tell us that between 1950 
and 1955 the number of commercial dairy farms 
decreased 12.6%. In spite of this, milk produc- 
tion increased 18.4%, owing partly to increased 
size of remaining operations and partly to in- 
creased production per cow. Unfortunately, 
dairy farming still exists as a seven-day-a-week 
operation and is becoming less and less attrac- 
tive to young people. Another deterring factor 
in the picture is that the capital investment 
required to establish a dairy farm is three times 
that of 1942. Even a modest 20-cow operation 
requires an investment of at least 30-40 thousand 
dollars for land, equipment, and cattle. The 
trend, therefore, appears to be the gradual 


1 Authorized for publication as Paper No. 2210 
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expansion in size of the milk production unit, 
with greater emphasis on efficiency of produe- 
tion through semi-automation, improved forage, 
and greater production per cow. 

The dairy industry has traditionally empha- 
sized its butterfat production, with less atten- 
tion being given to the other components of 
milk. Breeders of dairy cattle have attempted 
to increase the butterfat content of milk from 
both the high- and low-fat breeds at the ex- 
pense of volume of milk production. There 
was justification for this practice when butter 
utilized from 50 to 75% of the milk produced, 
but with only 23% of the butterfat going to 
this commodity today, the market incentive is 
in favor of the milk containing from 3.8 to 
4.0%. Because of this, some dairy geneticists 
are suggesting that the high butterfat breeds 
should select for milk yield rather than butter- 
fat content. One group of workers has demon- 
strated a 1,000-lb. increase in milk production 
for each 0.2% genetic loss in butterfat content. 
The dairy manufacturing division of the in- 
dustry today is favoring the 4.0% fat milk, 
so producers should now attempt to supply a 
product that lends itself most satisfactorily to 
current market demand. 

The dairy industry historically has exhibited 
an attitude of ultraconservatism. Much of this, 
we believe, can be attributed to the conditions 
under which it has had to operate. Because of 
the dietary importance and inherent perish- 
able nature of milk, strict state, municipal, and 
federal regulations have been established to 
control the production, processing, distribution, 
composition, and sanitary quality of all dairy 
foods. Moreover, in order to stabilize markets 
and insure an ample supply of dairy foods, 
federal and state milk-marketing orders have 
been established in most of the major milk 
markets of this country. These orders set the 
price paid to milk producers and, in some state 
programs, the price charged the consumer. In- 
centive for new product development has waned 
because of difficulties in having standards of 
identity established under existing state or 
federal food laws. In spite of this, the dairy 
industry has made substantial progress with 
its existing products and modifications thereof. 

Although milk and dairy foods are un- 
questionably a permanent part of the Ameri- 
can diet, the industry has too often rested its 
ease wholly on the merit of its products and 
their current market acceptance. Increasingly 
aggressive competition from other segments of 
the food industry, as well as shifts in dietary 
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food fads, emphasizes the fact that there will 
be little room for complacency in this or any 
other food industry in the future. 

Milk and the commonly known products 
made from milk have long enjoyed the confi- 
dence of consumers, because of their taste ap- 
peal and nutritive value. In their familiar 
forms they are used in more or less predictable 
quantities, which change over the years, some- 
times sharply, sometimes gradually. 

The domestic use of butter dropped sharply 
during World War IT beeause of rationing, and 
later because of the relaxing of restrictions on 
sales of oleomargarine. The total consumption 
loss amounted to about 7 Ib. per person, equiva- 
lent to 140 lb. of milk or, for the country as a 
whole, approximately 22 billion pounds. Had 
butter consumption remained at the 1941 level. 
today there would be a shortage of milk rather 
than a surplus. 

On the other hand, the per capita consump- 
tion of most other dairy products, particularly 
hard cheese. cottage cheese, fluid skimmilk, and 
dry skimmilk, has been on the increase. Un- 
fortunately, the increased rate of consump- 
tion of these products, even with the increase 
in population, has not been able to overcome the 
result of lowered butter sales and the upward 
trend in milk production. 

Another factor in the total picture is that 
inereases in the use of nonfat products, coupled 
with sales of nonfat dry milk to the govern- 
ment, have encouraged manufacture of these 
produets from fluid skimmilk, which at one 
time was wasted or fed to farm animals. 

The result of these trends has been a con- 
tinuing accumulation of surplus products in 
the hands of the government, under the sup- 
port program. No immediate relief from this 
situation is in sight, but eventually population 
may catch up with milk produetion, as it will 
with the production of other foods, and today’s 
problem in retrospect may be viewed as a most 
happy situation. 

It is unlikely that the consumption of butter 
will change materially in the next several years 
although, because of the unique flavor quali- 
ties of butter and milk fat, it is doubtful 
whether the potentialities of this product have 
been fully realized. 

The per capita consumption of fluid milk 
and cream, considered collectively, has been 
relatively stationary since 1948, except for the 
artificial stimulation furnished by the School 
Milk Program in the last few years. Cream 
consumption has been decreasing, but this has 
been offset by slightly greater milk consump- 
tion, particularly by the popularity of the 
product known as “half ’n’ half,” which con- 
tains about 10% fat and, at a lower cost, ade- 
quately substitutes for table cream. 

The only significant increase in use of fresh 
dairy products has involved cottage cheese and 
fluid skimmilk. It is generally thought that 


interest in these products has been the result 
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of the greater attention to diet calories and the 
recent adverse publicity on dietary fats; yet, 
the greater use of these foods has not signifi- 
cantly affected the per capita use of milk and 
cream, nor has the recent significant increase 
in home consumption of nonfat dry milk done 
so. The latter product, because of its low cost 
and easy dispersibility, is known to have been 
used by consumers for fluid milk purposes, yet 
seems to represent additional use rather than 
displacement use. 

Much research is now in progress to im- 
prove the flavor and storage characteristics 
of dried milks. Should this prove successful, 
and should dry products having a fresh, fluid 
milk flavor on reconstitution be placed on the 
market at a lower price, it seems certain that 
the dry product will make substantial inroads 
into fluid milk sales. In fact, a high quality, 
beverage-grade, dry whole milk could offer 
serious competition to fresh fluid milk. Such a 
product would tend to encourage dairy farming 
in areas where milk can be produced most eco- 
nomically and efficiently. So far as the United 
States is concerned, these areas do not coincide 
with many of the current milk-producing sec- 
tions close to large population centers. Mecere- 
over, the billions of dollars invested in urban 
fluid milk processing plants could become mar- 
ginal if dry whole milk proves to be the ulti- 
mate consumer product. In this eventuality, 
it would be expected that distribution patterns 
and home practices with milk would undergo 
considerable change. Thus, the potentialities 
of dry whole milk must not be treated lightly. 

It might be mentioned that lack of acceptance 
of dry milk, in present form, is quite largely a 
matter of conditioning and habit. People form 
food likes and habits as a result of what they 
have become accustomed to. So long as the 
familiar foods are of good quality and avail- 
able, it is well-nigh impossible to convert them 
to something unfamiliar, even though the latter 
may be superior nutritionally. This psycho- 
logical factor is one which all new foods and 
new varieties of foods must overcome, to estab- 
lish themselves in the market. Naturally, the 
degree of difference, the price advantage, and 
convenience are factors in the acceptance of 
any new or different food product. 

Dry whole milk, to be successful in domestic 
food channels, will have to be free of the 
astringent, chalky, and stale flavors currently 
characteristic of the product. The American 
consumer has established fresh, high-quality 
fluid milk as his flavor standard. Unless dry 
whole milk can achieve this beverage stand- 
ard, it seems doubtful that it will ever enjoy 
an expanded market. A second, and perhaps 
equally important consideration, concerns ease 
of reconstitution in water. In this connection, 
the experience which has been gained with non- 
fat dry milk is most revealing. The improve- 
ment in its dispersibility through so-called 
instantizing processes unquestionably has been 
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a great impetus to consumer acceptance. Since 
this pattern has been set, it seems certain that 
dry whole milk must also be readily dispersible 
if it is to enjoy widest use. 

Two innovations designed to furnish con- 
sumers with milk under reduced costs of distri- 
bution have been investigated and even tried 
commercially. One is the preparation and sale 
of three-to-one fresh concentrated milk. Owing 
to the removal of water, this product can be 
refrigerated and handled more cheaply than 
its fresh fluid counterpart. However, the Ameri- 
can housewife did not show any sustained in- 
terest in the product, despite its greater po- 
tentialities in use and despite its space-saving 
character, except when the price was signifi- 
cantly lower than fresh fluid milk, which does 
not require adjustment with water. Frozen 
concentrated milk has been developed techni- 
sally to the point where it could be sold as a 
frozen food. It has a relatively long keeping- 
period and could substantially reduce distribu- 
tion costs, but the extra inconvenience to the 
consumer of defrosting and reconstituting it 
makes its acceptance so problematical that no 
one in the dairy industry is willing to risk the 
loss possible in an all-out effort to market it. 

Evaporated milk has been a family staple 
for three generations. It has been the prover- 
bial “cow in the pantry” and the most com- 
monly used and generally satisfactory substitute 
for breast-milk in infant feeding. In recent 
years, a great deal of effort has been expended 
in seeking means by which the color can be 
lightened and the caramel-like flavor reduced. 
Here again, if a white canned milk with a fresh 
milk flavor were placed on the market at a 
lower price than fresh fluid milk, it seems 
axiomatic that many consumers would use it 
in place of the fluid product. Whether it would 
contribute to the consumption of more total 
milk is highly questionable. Then, too, it is 
likely that some present uses of evaporated 
milk are dependent on its color and flavor, 
which is of long standing. Consequently, any 
change, even though thought to be an improve- 
ment, may not be favored by all consumers. 
This might make it necessary or desirable to 
continue the manufacture of the present type 
of evaporated milk as well as an improved 
type. 

Perhaps in no dairy product group has there 
been so general an increase of use as in cheese. 
Compared with 1934, 80% more cheese is being 
consumed by the average American. The 
reasons for this are not entirely clear, but 
certainly the improvement in quality, the manu- 
facture of more varieties, the development of 
process cheeses and cheese spreads, and the 
use of packages, cartons, jars, and individual 
wraps have been important factors. Cheese 
smorgasbords are now the rule rather than the 
exception in every store and supermarket, and 
the appetizing displays of all sorts of cheese 
in convenient packages have certainly been edu- 


€ 


cational and sales-provoking. The prolifer- 
ating tendency in styles and varieties of cheese 
has been less subject to restriction by govern- 
mental regulations than is true of some other 
dairy products; this, too, is perhaps a factor 
in the increase of milk outlets in the form of 
this excellent protein food. 

Dry milk of the nonfat variety has enjoyed 
increased utilization since the war, as an in- 
gredient in other foods and feeds. Particularly 
has this been true in the baking industry, in 
meat products, in confections, and in prepared 
dry mixes for baking in the home. It seems 
unlikely that the greatest potential use of dry 
milk in human food products has been reached, 
but little increase has been noted in the last 
two or three years. It has been suggested that 
the lack of new-use research and development 
by the dry milk industry has been at least 
partly owing to the ease of reducing surplus 
production through sales to the government. 

Although considerable increases in the con- 
sumption of nonfat and low-fat dairy products 
have occurred in the last decade or so, the in- 
creasing population has not significantly re- 
duced the surplus of total milk, because of a 
comparable increase in production. Thus, the 
effects of the drastic drop in consumption of 
butter, during and following the war, have 
not been overcome; and the increased use of 
nonfat milk solids, while highly desirable in 
making better use of these nutritious food ele- 
ments, has not greatly affected the surplus 
milk problem. 

Thus, the question logically may be raised— 
ean research and development do anything to 
alleviate this problem? The chances seem reason- 
able that they can, if attitudes and efforts of 
the various interested groups of the dairy field 
are adjusted accordingly. Until recently, milk 
has been considered mainly as an agricultural 
end-product. The idea has been to give milk 
mild processing, adequate for public-health 
purposes, and to convey it to the consumer with 
little change from its original state of syn- 
thesis by the cow. This line of thinking also 
has pervaded manufacture of most dairy prod- 
ucts. It has made for relatively inflexible use 
of milk, and has created substantial problems 
in certain dairy products. The problems of 
flavor and color in evaporated milk, and flavor 
and dispersibility in dry whole milk, may stem 
largely from insistence that milk for these prod- 
ucts be used in essentially unaltered form. As 
mentioned previously, local state and federal 
regulations, as well as attitudes of the con- 
suming public, have tended to confine milk 
processing along rather narrow lines. Appro- 
priate safeguards in the public’s interest are 
always in order and are needed particularly 
during such times as when proper sanitation in 
an industry is to be established. Unfortunately, 
the welter of customs, traditions, and regula- 
tions which bear on the dairy industry has had 
an inhibiting and demoralizing effect on product 
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research and development efforts. It now seems 
clear that future progress will depend on the 
consideration of milk as a flexible raw material, 
available in tonnage quantities, and viewed in 
the light of modern science and technology. 

Greater emphasis is needed on custom manu- 
facture of milk components, such as fat, pro- 
tein, and lactose, for various special purposes. 
If such processing can be accomplished at 
reasonable cost, it should enable development 
of new products, as well as improvement in the 
long-established traditional dairy products. In 
this connection, a high speed clarifier-separator 
capable of continuous fractionation of milk 
into its major components would be most use- 
ful. Fat might be separated as an oil or high- 
testing cream; protein might be removed by 
sedimentation and continuous de-sludging, and 
lactose obtained as a solution, along with other 
milk solubles. 

An appraisal of some of the potentialities 
of the major milk components seems in order: 

Milk fat. At present, the assumption seems 
to be widely held that the same form of milk 
fat can be used satisfactorily in any dairy 
product. This is by no means the case. Some 
products are stored under refrigeration and are 
consumed quickly. Others are stored at room 
temperature and may be held for months prior 
to consumption. Some are rigorously heated, 
whereas others receive only mild heat treatment. 
Thus, it seems obvious that further improve- 
ment in dairy products is, at least in some in- 
stances, going to require special processing 
of milk fat. 

A further point in this connection concerns 
flavor in milk fat. If there is anything dis- 
tinctive about milk fat, it is its potential for 
developing various desirable types of flavor. 
There are many ways of enhancing and modi- 
fying the flavor of milk fat, including partial 
hydrolysis to yield cheese-type flavor, heating 
to intensify butter flavor, and heating with 
sugars to develop butterscotch flavor. 

Until now, the assumption has been that 
all food applications requiring milk fat can be 
fulfilled either with butter or with cream. There 
is good reason to believe that this contented 
outlook has sacrificed many worth-while outlets 
to tailor-made products of the vegetable fat 
industry. The most popular chocolate bar in 
America derives its distinctive flavor largely 
from hydrolyzed milk fat. Cooked vegetables 
are at their best when seasoned with the flavor 
of heated milk fats. It is obvious that the ap- 
plication of milk fat for improving the flavor 
and texture of many types of foods has not re- 
ceived nearly enough developmental effort. 

Milk protein. Good-quality dietary protein 
is needed throughout the world. Milk protein 
can fulfill this need and is doing so to some 
extent in the form of various milk products. 
However, essentially pure milk protein prepa- 
rations with long shelf-life and available at 
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reasonable price could be used to enhance the 
nutritive value of other foods and to improve 
conventional dairy products. One of the current 
difficulties in a number of stored dairy prod- 
ucts stems from the browning reaction, which 
leads to stale flavors and other defects. This 
affords an additional reason for separate proc- 
essing of milk protein and the reducing sugar 
(lactose) fractions of milk, which are the brown- 
ing reactants. 

Lactose. Perhaps the greatest challenge and 
the greatest potential for utilization of milk 
lies in lactose, milk’s major constituent. Some 
ten billion pounds of whey, by-product of 
cheese manufacture, is largely wasted and, in 
fact, constitutes a major disposal problem for 
the dairy industry. This problem actually has 
two facets: not only is there no profit on whey 
but frequently high expense is involved in pro- 
viding sanitary waste disposal for it in accord- 
anee with local health regulations. Thus, there 
is strong incentive for research on this problem. 

Lactose represents 80-85% of the solids in 
cheese whey. Unfortunately, few distinctive 
uses for lactose have come to light which ean- 
not be fulfilled as efficiently and economically 
by other carbohydrate sources. However, it is 
notable that no all-out effort on this problem 
has been made and, as an example of one type 
of use which could be exploited, the following 
developmental effort at our laboratory may be 
cited : 

Whey is used to some extent as an animal 
feed, but because of its high lactose and low 
nitrogen content it has distinct limitations for 
this purpose. To overcome this difficulty, a 
process has been developed to completely fer- 
ment the lactose of whey to lactic acid and to 
use the lactic acid as a means of binding an- 
hydrous ammonia in the product. The fermen- 
tation and ammonia addition are controlled 
automatically and the finished product can be 
concentrated to any desired level of total solids. 
This process substantially increases the nitro- 
gen content of whey. In addition to the normal 
mineral and vitamin constituents, this product 
contains a harvest of bacterial cells and large 
quantities of ammonium lactate. Since rumi- 
nants can utilize simple forms of nitrogen, the 
product seems appropriate for their feeding. 
Preliminary observations indicate that a con- 
centrated ammoniated whey product is non- 
toxic, can support growth in young dairy 
animals and milk production in adult cows. 
However, some problems of palatability are 
present. Products of this type warrant investi- 
gation for feeding other types of livestock and 
poultry, and for use as fertilizer. 

It seems notable that no great effort has been 
spent on developing detergents, plasties, syn- 
thetie fibers, stabilizers, thickening agents, etc., 
from lactose, in the manner which has been so 
effective for other carbohydrate materials. 
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Summary 


Dairy products undoubtedly will continue 
to hold a prominent place in the American diet, 
but there will have to be more diligent efforts 
to adapt them to changing market demands. 
The deep-seated food habits of American con- 
sumers are not likely to be altered greatly by 
any new dairy product unless it exhibits unique 
flavor qualities or applications to other proc- 
essed foods. The dairy industry must prepare 
to meet its competition in the domestic foods 
field with products, rather than depend upon 
historical tradition to carry it along. 

We are not obsessed with the idea that con- 
sumers can or should greatly expand their per 
capita intake of dairy foods. In this land of 
abundance and variety in foods, it is only 
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natural that consumer selections will be made 
on the basis of taste appeal, nutritional quality, 
availability, and price. Dietary trends that 
relate to the physiological demands of our 
changing way of life may also dictate the future 
food patterns of our. population. In milk, 
however, we have a raw material which con- 
tains most of the known nutritional require- 
ments of man and which, because of its dy- 
namie state, can be converted into a wide variety 
of wholesome, taste-appealing food products. 
The outlook for milk is bright and its benefits 
to humanity can be broadened still further 
through an aggressive research and develop- 
ment program. It will be the job of the chemist 
and food technologist to explore more fully the 
potential food and industrial applications of 
this important agricultural raw material. 
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Single versus duplicate determinations for 
the estimation of vitamin A and tocoph- 
erol in calf livers. Marrua W. Dicks, J. E. 
Rousseau, Jr., H. D. Karon, R. TeEIcHMan, 
anp H. L. Lucas, Jr., Storrs (Conn.) Agr. 
Expt. Sta. and North Carolina State College 
(Raleigh). 

Data from eight randomized-block experi- 
ments, in which calves were fed fixed levels of 
vitamin A and/or carotene and/or tocopherol, 
were used to determine the effect on the error 
mean squares (block times treatment) of using 
the first duplicate determination for vitamin A 
or tocopherol concentration in the liver as com- 
pared to using the average of the duplicates. In 
general, the error mean squares of the average 
of the duplicates were slightly smaller in mag- 
nitude than those of the first duplicate; how- 
ever, these reductions were found not to be sta- 
tistically significant. The direct computation of 
the error mean squares was undertaken in con- 
trast to the components of variance approach, 
because duplicates were run side by side in 
contrast to random order. Individual analyses 
of the concentration in the calves’ livers ex- 
hibited only inappreciable random variation 
when using the first duplicate as compared to 
using the average of the duplicates. bor pur- 
poses of laboratory control, standard deviations 
of a single determination for liver vitamin A 
or liver tocopherol were derived, and control 
charts were constructed from which the reli- 
ability of a group of sample determinations 
could be evaluated. 


Effect of feeding various levels of 2,6-di- 
tertiarybutyl-4-methyl phenol to lactating 
dairy cows.’ R. TreichmMan, M. E. Morgan, 
Patricia MacLeop, AnD H. D. Eaton. Storrs 
(Conn.) Agr. Expt. Sta., Storrs, Conn. 

In a recent study conducted at this Station 
by De Luea et al., 1956, 2,6-di-tertiarybutyl-4- 
methyl phenol (BHT), when fed at a daily rate 
of 0.01% of ration, was found to be ineffec- 
tive in reducing the incidence of copper-induced 
oxidized milk flavor. It was recognized that 
higher intakes of this antioxidant might be 
effective in reducing the incidence of copper- 
induced oxidized milk flavor, and this study was 
initiated to explore the possible effectiveness 
of higher levels of BHT. Two separate trials, 
each with 16 cows selected for producing milk 


*This study was in part supported by grants 
from the American Cyanamid Co., Chas. M. Cox 
Co., and the Chas. H. Hood Dairy Foundation. 
The technical assistance of G. R. Farrington and 
R. M. Prouty was greatly appreciated. 


which would exhibit oxidized flavor 72 hr. 
after the addition of 5.0 p.p.m. of copper, 
were conducted in February and in November, 
1956. Following a 1-wk. standardizing period, 
they were fed daily intakes of BHT, 0.00, 0.01, 
0.03 and 0.09% of the ration (90% dry matter 
basis) for a 4-wk. comparison period. BHT 
fed at the 0.03 and 0.09% levels significantly 
reduced, but did not completely inhibit, the 
incidence of copper-induced oxidized milk 
flavor. BHT was transferred to the milk in 
increasing concentration with increased intake. 


Effects of various postpartum treatments 
upon the reproductive efficiency of dairy 
cows. N. De D. Brown, Jr., K. O. Prau, R. E. 
MatTHer, AND J. W. Barrett, New Jersey 
Agr. Expt. Sta., Sussex. 

All Holstein cows in the herd of the Dairy 
Research Farm, Sussex, New Jersey, were as- 
signed as they freshened, either to Group A, 
normal calving, or to Group B, abnormal e¢alv- 
ing (dystocia and/or placenta retained more 
than 12 hr.) Cows were assigned alternately 
to treatment lots as they calved: Group A, 
Lot I, no treatment; Lot II, one intrauterine 
treatment of Aureomycin (500 mg. oblet) 
within a day after parturition. Group B, Lot I 
received Sulmet (sulfamethazine—15 g. per 
treatment) and Lot II received Aureomyein 
(500 mg. per treatment) until cured. The num- 
bers of cows in the four lots were 92, 80, 24, 
and 26, respectively. Services per conception 
were 1.42, 1.74, 1.96, and 1.62; per cent non- 
return to first service, 67, 54, 46, and 62, and 
days from calving to conception, 97, 102, 118, 
and 101, respectively. Differences due to rou- 
tine Aureomycin treatment of normally freshen- 
ing cows did not approach significance, but 
certainly treatment was not beneficial. Cows 
freshening abnormally responded more favor- 
ably to Aureomycin than to Sulmet (P ea. 0.09 
for conception interval). Breeding efficiency 
of cows calving abnormally and treated with 
Aureomycin approached that of cows calving 
normally. 


Comparison of chromium ratio and lignin 
ratio techniques for determination of di- 
gestibility of hays. J. G. ArcnipaLp, D. F. 
Owen, Jr., H. FENNER, AND H. D. Barngs, 
Massachusetts Agr. Expt. Sta., Amherst. 

In connection with two winter seasons’ feed- 
ing and digestion trials with 16 cows, on the 
value for milk production of two common types 
of hay (legume-grass vs. grass alone), a com- 
parison was made of the chromium oxide ratio 
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and lignin ratio techniques for determining 
digestibility of the hays. 

Digestion coefficients, when summarized for 
dry matter, protein, energy, crude fiber, and 
N-free extract from 16 individual trials, show 
that the chromium oxide method gave generally 
higher results (average 1.4 points) than the 
lignin method, with somewhat more uniformity, 
as indicated by generally lower standard errors 
of the mean values (+ 1.1 cf. £ 1.8). 

It is concluded that if the ratio technique 
system of determining digestibility of forages 
is employed, the chromium trioxide method is 
to be preferred to the lignin method, because 
of more consistent results and greater ease of 
determination of chromium in feces. 


Influence of herd and stable-mate aver- 
ages on production records of artificially 
sired (A.I.) progeny. S. N. Gaunt anp M. A. 
Goopwin BartierT, Massachusetts Agr. Expt. 
Sta., Amherst. 

As part of a study to determine the relative 
accuracy of various measures of a dairy sire’s 
breeding value, the effect of the herd and four 
stable-mate averages on A.I. production records 
was determined. For this determination, 22,621 
lactation records made in 1952-55 in 237 herds 
in New England and New York and their an- 
nual herd averages were used. This included 
6,178 and 2,012 progeny records of 302 Holstein 
and 151 Guernsey A.I. sires, respectively. 

Since herd, season, and year influences ac- 
count for nearly half the variation in produc- 
tion records, adjustments for them should im- 
prove estimates of a dairy sire’s breeding merit. 
Values for these adjustments were obtained by 
computing the intra-sire regression of the 
daughter’s record on actual herd, and stable- 
mate, averages for lactation, 6-mo. season, run- 
ning season (7 mo. average), and actual age. 
The average intra-sire regressions for milk and 
fat for each of the contemporary averages were, 
respectively: for Holsteins, 0.94, 0.95, 0.90, 
0.98, and 0.89, and for Guernseys 0.89, 0.90, 
0.96, 0.94, and 0.84. The differences among 
the individual regressions for Holstein and 
Guernsey milk were highly significant statisti- 
cally and for Holstein fat significant. 


Development of flavors in sterile milk by 
pure cultures of bacteria at low tempera- 
tures. D. S. Erickson, anp D. A. Evans, Uni- 
versity of Massachusetts, Amherst. 

In this study, separate samples of sterile 
whole milk were inoculated individually with 
pure cultures of Aerobacter aerogenes, Escher- 
ichia coli, Alcaligenes metalcaligenes, Coryne- 
bacterium simplex, Pseudomonas geniculata, 
Micrococcus fruendenreichii, Flavorbacterium 
arborescens, and Achromobacter superficiale, 
using respective initial concentrations of 10,000, 
50,000, and 200,000 organisms per ml. The 
inoculated samples were held at 5, 10, 15, and 
20° C. Flavor examinations were made every 
24 hr., and both standard plate and facultative 
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psychrophilic plate counts were made when off- 
flavors were initially observed. 

Results revealed temperature was more im- 
portant than initial concentration of organisms 
in determining rapidity of off-flavor develop- 
ment. The rate of flavor production progres- 
sively increased as temperature increased from 
5 to 20° C. All organisms studied produced 
definite off-flavors, irrespective of initial popu- 
lation or temperature of holding. Among the 
flavors observed were unclean, bitter, fruity, 
acid, nutty, and cheesy. The bacterial popula- 
tion at the time of initial flavor development 
ranged from 16,000 to more than 30,000,000 per 
ml. as determined by the facultative psychro- 
philic count. Standard plate counts, with but 
three exceptions, did not correlate well with 
corresponding facultative psychrophilie counts, 
and in many cases the standard plate incubation 
temperature completely inhibited growth of 
certain organisms. 


Bulk farm tanks in Massachusetts—A sur- 
vey of the current situation. Marcen DANEAU 
AND JOHN H. Braga, University of Massachu- 
setts, Amherst. 

According to calibration records of the Mas- 
sachusetts Division of Standards, as of April 1, 
1957, there were 925 bulk farm tanks in the 
Commonwealth ranging in size from less than 
100 to over 1,100 gal. Average capacity of these 
tanks is 295 gal. and the mode is 245 gal. These 
records also show that a larger proportion of 
tanks installed since 1955 have capacities of 
600 gal. or more than of those installed in 
1955. This indicates that the large farms were 
not necessarily the first to shift to bulk. 

There is a definite relationship between the 
location of farms with bulk tanks and farms 
with 15 cows or more. In most instances, the 
areas with the most intense cow population 
had the greatest number of bulk farm tanks. 
Distance and location of market do not appear 
to have any bearing on the concentration of 
tanks. Two trends best deseribe the rate of 
installations: From 1952 until the spring of 
1955, tank installations trended upward. Each 
year since then, the trend has been downward. 
From 1952 through April, 1957, there was a 
definite seasonal pattern to the installation of 
tanks with two high points, in the early spring 
and at the year-end. 


Acid degree of milk obtained with pipeline 
and bucket milkers. R. G. Jensen, A. C. 
SmitH, Parrictia MacLeop, anp L. R. Down, 
University of Connecticut, Storrs. 

The purpose of this study was to determine 
how much properly operated pipeline milkers 
contributed to the acid degree value of milk. 
Samples of pipeline milk were compared to 
bucket-milked samples. Samples were taken 
from the milk of 17 and ten cows on two pipe- 
lines. Twelve sets of samples were collected 
in July, 1956, and 24 in December, 1956. It 
was found that pipeline milking as compared 





342 


to bucket milking increased the acid degree value 
(silica gel method) of milk held after milking 
for 72 hr. at 4° C., even though the pipeline 
had no risers and no observable air leaks. Pipe- 
line treatment of winter milk (P < 0.001) in- 
creased the acid degree value over bucket treat- 
ment to a greater extent than did tratment of 
summer milk (P < 0.05). The average acid 
degree values for the samples collected in De- 
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cember were 0.76 for bueket milk and 1.31 for 
pipeline milk; for July samples, 0.61 for bucket 
milk and 0.87 for pipeline milk. Passage of 
winter milk through an intermittently operated 
diaphragm pump significantly (P < 0.01) in- 
creased the acid degree value of both the pipe- 
line and the bucket-treated milk samples, when 
the milk was obtained from a herd in which five 
of 17 cows had been milked 10 mo. or longer. 


PRESENTED AT THE SOUTHERN DIVISION MEETING 
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A study of the relationship between 
A.O.A.C., Mojonnier, and Watson Lactometer 
determinations of total solids in raw whole 
milk. N. R. THompson, W. K. Stone, AND 
G. C. Grar, Virginia: Agricultural Experiment 
Station, Blacksburg. 

Samples of single milkings from three to 
eight Holstein cows were combined to make 
a total of 159 one-day composite samples. 
Determinations of specific gravity were made 
with the large pattern Watson lactometer, and 
butterfat percentages were obtained by the 
Babeock method. The lactometer readings and 
butterfat percentages were used to estimate 
per cent of total solids in each sample. De- 
terminations of total solids also were made by 
the Mojonnier procedure, by foreed-draft dry- 
ing oven, and by the official A.O.A.C. method. 
Percentages of total solids by the Watson 
lactometer method differed from the values 
obtained by other methods; ranging from 
0.07% TS higher in the first month of lacta- 
tion, down to 0.33% TS lower in the ninth 
month. 


Influence of feed upon the composition of 
milk. I. I. Perers, R. R. Harris, anp C. A. 
Mutay, Texas Agricultural Experiment Sta- 
tion, College Station. 

The following information was obtained 
during a 12 wk., double-reversal feeding trial 
with two lots of ten cows each, six Holsteins 
and four Jerseys. 

The estimated net energy and the protein 
content of the three rations were the same. 
Ration B (control) with no added fat con- 
tained 63% more crude fiber than Rations CT 
and CM. Ration CT contained 6% stabilized 
prime tallow; whereas, Ration CM contained 
6% Marcol B-75, a commercial product con- 
sisting primarily of the methyl esters of 
cottonseed “foots.” 

The following differences were found to 
be statistically significant; With the Holstein 
group, the per cent lactose was higher from 
Ration B than from Ration CM, and per cent 
S.N.F. was higher from Ration B than from 
Ration CT. 

With the Jersey group, the per cent fat 


was higher from Ration CT than from Ration 
B, and the difference (S.N.F.-lactose) was 
greater from Ration B than from Ration CT. 

Both breeds showed higher, though not 
significantly, freezing points on the CT and 
CM rations than when on the B ration. 


Effect of the dairy herd ration upon the 
susceptibility of milk to induced hydrolytic 
rancidity. W. B. Giumore, J. J. WILLINGHAM, 
AND K. L. Neetey, Texas Technological Col- 
lege, Lubbock. 

Studies were made to deternine the degree 
of suceptibility of milk to induced rancidity 
as influenced by the ration. The tests were 
made over a l-yr. period at monthly intervals. 
With each sampling period, records were made 
concerning the nature of the ration. To 
measure the degree of hydrolytic rancidity, 
tests were made to determine the amount of 
free fatty acids in each sample. Tests for 
butterfat, chloride content, titratable acidity, 
pH, and free fatty acids were made on the 
fresh sample of raw milk. A portion of this 
same milk was treated by a method known 
to induce rancidity. 

After 48 hr., both treated and untreated 
samples were tested for titratable acidity, 
pH, and free fatty acids. 

Variations in the suceptibility of milk to 
induced rancidity were found to be closely 
related to the type of ration being fed. 


Effect of various factors on the incidence 
and intensity of rancid flavor in raw milk 
handled in bulk tanks. R. L. Von Gunrten, 
P. E. Jonnson, anp H. C. Otson, Oklahoma 
State University, Stillwater. 

A survey of the Central Oklahoma milkshed 
was conducted to determine the incidence and 
intensity of rancid flavor in raw milk handled 
in bulk tanks. This study involved 249 milk- 
ing and bulk-cooling systems, 

Samples were taken from each farm tank 
on an every-other-day basis as the milk was 
collected. After the samples were held at 
45° F. for two days, chemical analyses showed 
that approximately 10% of the samples had 
high acid degree values in the range indicative 
of raneidity. 
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The survey included 221 open top-—type 
bulk tanks and 28 vacuum-type tanks. There 
was a high ineidence of rancidity in milk from 
the vacuum tanks, but laboratory experiments 
failed to show that the vacuum was a factor 
in inereasing lipase activity. Except for the 
vacuum-type tank, there was little difference 
in the ineidence of rancidity in the milk 
handled in the various brands of bulk tanks. 

It appeared that pipelines, with either 
vacuum releasers, milk pumps, or vacuum tank 
assemblies are the most important factors to 
consider as causes of rancidity. 


The influence of rapid cooling on the de- 
velopment of a rancid flavor in milk produced 
by bulk systems. P. E. JoHnson anv R. L. 
Von Guwnten, Oklahoma State University, 
Stillwater. 

The influence of rapid cooling of milk on 
the activation of lipase was suspected while 
studying other phases of the rancid-flavor 
problem in bulk-handling systems. 

Samples of milk from individual cows were 
collected after passing through a_ pipeline 
system, and were immediately divided into 
two portions. One portion was cooled im- 
mediately, whereas cooling was delayed on the 
other portion. The samples were held for 48 
hr. before fat acid values were determined. 
Highly significant differences occurred in the 
fat acid values of the two portions of the split 
samples. Average increases in the fat acid 
values of the rapidly cooled samples over the 
slowly cooled samples averaged from 0.67 to 
1.42. 

A delay of 30 min. after the completion of 
milking, before turning on the refrigeration 
in the bulk tank, was also effective in lowering 
fat acid values. 


Growth rate and forage intake of young 
dairy calves on pasture, with and without 
grain supplementation. J. W. Rust, L. D. 
Brown, D. M. Seatu, anp J. H. Drupge, 
University of Kentucky, Lexington. 

Sixteen 314 to 44% mo. old calves on good 
bluegrass pasture were divided into two com- 
parable groups based on breed and body 
weight. One group of calves receiving 3 lb. 
of grain per day gained an average of 1.2 lb. 
per day throughout the summer; whereas, the 
other group of calves receiving no grain 
gained an average of 1.0 lb. per day. The 
average increase in height at withers was 6.5 
and 5.7 in. and the average increase in heart 
girth was 11.5 and 10.5 in. for the grain and 
no-grain groups, respectively. 

Dry matter intake and digestibility were 
determined by the chromogen chromic oxide 
techniques. The calves receiving grain had 
an average total dry matter intake of 3.6 lb. 
per day for each 100 lb. body weight. Average 
dry matter intake from pasture alone was 
2.6 lb. per 100 lb. body weight for the group 
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receiving grain, as compared to 3.7 lb. for the 
group receiving no grain. Similarly, the 
average dry matter digestibility coefficients 
were 65.6 and 64.5%, respectively. 

Periodical fecal examinations were made 
for the presence of parasite eggs. In general, 
the grain-fed calves had a lower level of 
parasite infection than the no-grain group. 


A preliminary analysis: Birthweights of 
Holstein and Jersey female calves born in 
southern Louisiana. HK. J. Srons, E. B. Mor- 
GAN, J. E. JOHNSTON, AND J. B. Frye, JR., 
Louisiana State University, Baton Rouge. 

Variation in birthweight of calves and its 
effect on the subsequent growth and produe- 
tivity of dairy cows is of particular concern 
in the Deep South. This is a preliminary 
report on the birthweights of calves of the 
Holstein and Jersey breeds born under Louisi- 
ana conditions. Birthweight data on single 
births of 129 Holstein and 87 Jersey female 
calves for the period 1951 through 1957 have 
been studied. A statistical analysis including 
birthweights by breeds, sires, years, months, 
and seasons has been made. Differences in 
birthweights among months for the Holstein 
salves were significant at the 5% level of 
probability. Among years and among months, 
differences in birthweights for Jersey females 
were highly significant (1% level). When the 
data were analyzed by age of the dam at 
calving for both breeds, no significant differ- 
ences were shown either among years or 
among months. Correlation coefficients be- 
tween birthweights and age (using all births 
when age of dams was limited from 24 to 84 
mo.) were highly significant (1% level) for 
both breeds. 


Relationship between estrogenic potency of 
soybean and cottonseed meals and lactation 
response. G. E. Hawkins Anp K. M. AuTREy, 
Alabama Polytechnic Institute, Auburn. 

This study was originated to compare the 
lactating qualities of feeds with different 
estrogenic potency. 

The 25 experimental cows were divided into 
five similar groups. Ration variables and per- 
centage of TDN intake supplied by each were: 
A, alfalfa hay (72) and concentrate (28); 
B, alfalfa hay (71) and cottonseed meal (29) ; 
C, alfalfa hay (74) and soybean meal (26); 
D, Johnson grass hay (68) and cottonseed meal 
(32), and E, Johnson grass hay (64) and soy- 
bean meal (36). There was no increase in 
uteri weight of mice when fed alcoholic extracts 
from the concentrate mixture, soybean meal, 
alfalfa hay, or Johnson grass hay. Alcoholic 
extracts of cottonseed meal supplied estrogenic 
activity equal to 0.0042 ug. of diethylstilbes- 
trol per g. of feed. It is surprising, therefore, 
that the concentrate mixture which included 
40% cottonseed meal did not show estrogenic 
activity. Persistency of milk yield in per cent 
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by dietary groups was: A, 103; B, 92; C, 92; 
D, 87, and E, 84. Nutrients from cottonseed 
meal, the feed that showed the greatest estro- 
genic activity by the mice uteri assay, were 
similar to nutrients from soybean meal and 
somewhat inferior to nutrients from a con- 
centrate mixture, for milk production. 


Estrogenic potency of freshly cut forages 
in relation to their value as sources of nu- 
trients for milking cows. G. E. HAWKINS AND 
K. M. Autrey, Alabama Polytechnic Institute, 
Auburn. 

This experiment to determine the relation- 
ship between estrogenic potency of the forage 
and milk production involved 15 dairy cows. 
The experimental rations were. A, alfalfa 
hay; B, green alfalfa plus alfalfa hay; C, 
green oat forage plus alfalfa hay; D, green 
erimson clover plus alfalfa hay, and E, green 
subterranean clover plus alfalfa hay. Cows 
on Rations B, C, D, and E received 50% as 
much hay as they ate before the experiment, 
plus 50 lb. of the green forage. In addition, 
each cow in all groups was fed 4 lb. of ground 
shelled corn daily. 

Estrogenie potency of the forages was 
measured by the mouse uterus assay by add- 
ing aleoholie extracts of the forages to a basal 
diet with low estrogenic potency. Weights of 
uteri from mice fed the experimental forages 
were: A, 6.1; B, 11.5; C, 3.6; D, 8.9, and E, 
12.1 mg. Uteri weights per g. from mice fed 
the basal diet, and basal diet plus 0.04 yg. of 
diethylstilbestrol, were 3.5 and 22.1 mg., re- 
spectively. 

Persistency of milk production in per cent 
on the five rations was: A, 100; B, 116; C, 
121; D, 105, and E, 103. There was no con- 
sistent relationship between the estrogenic 
potency of the forages and the persistency 
of milk yield. 


Comparative study of the effects of intra- 
venous and nasal administration of the let- 
down hormone on residual milk. Hiroo 
Yamamoto, Loyola University of the South, 
New Orleans, and CHartes W. Turner, Uni- 
versity of Missouri, Columbia. 

Ten, 20, and 30 units of the Armour 
oxytocin intrajugularly administered to five 
sterile heifers with experimentally developed 
mammary glands, resulted in a mean (four 
trials) per milking let-down response of 13.1, 
12.1, and 15.5%, respectively, when the heifers 
were remilked from 1 to 2 min. The mean 
residual milk yield per milking of six trials 
without the exogenous let-down factor was 
4.8%. 

The mean response with 600 units of the 
bovine posterior pituitary extract introduced 
nasally at 15, 30, and 45 min. for two trials 
per interval for six treatment days gave 
additional yields of 6.2, 11.1, and 9.5% at 
the respective intervals. The extract in 800 
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units at the same intervals and trials stimu- 
lated the removal of 7.1, 8.0, and 10.0% of 
residual milk. 

These data indicated that high dosages of 
the order of 20-30 times the effective intra- 
jugular units were necessary in order to elicit 
reasonably comparable let-down response 
through nasal. application. 


The growth of Jersey and Sindhi-Jersey 
crossbred heifers at the Iberia Livestock 
Station. J. L. Fuercumr, S. L. CarHcart, AND 
C. E. Hypr, USDA, ARS, Dairy Cattle Re- 
search Branch and Louisiana Agricultural 
Experiment Station, Jeanerette. 

In the Red Sindhi—Jersey crossbreeding 
work at the Iberia Station, monthly weights 
of the heifers were recorded from birth to one 
vear. The crossbred heifers included F,, F., 
% Sindhi, and *4 Sindhi combinations. The 
crossbred heifers were significantly heaiver 
than the Jersey heifers at birth, at 6 mo., and 
at 12 mo. of age. The weights at birth, 6, 
and 12 mo. were analyzed for possible effect 
of season of birth. Only at 12 mo. of age was 
season found significantly to affect the weights. 

Of considerable interest was a comparison 
of the growth curve of heifers at this station, 
to standard growth curves reported at other 
stations. At birth, the weight of the Jersey 
heifers was practically identical with that 
used in the Missouri standard, whereas the F, 
crossbreds exceeded this standard. At 3 mo. 
of age, both of these groups surpassed the 
standard. The F, heifers still were above the 
standard at 6 mo., but the Jerseys were slight- 
ly below. Between 6 and 12 mo., both Jersey 
and crossbred heifers fell behind the standard 
eurve and at 12 mo. the Jersey heifers were 
more than 100 lb. below the standard. 


Practical methods of keeping bulls cool 
during the summer months. T. E. Patrick, 
H. C. Kewigren, J. E. JoHnston, anv C. 
BRANTON, Louisiana State University, Baton 
Rouge. 

Studies made during recent years show a 
sharp decline in semen quality and fertility 
of both dairy and beef bulls during the late 
summer and early fall. Records at the Louisi- 
ana Station reveal that more than one-third 
of the bulls investigated showed partial or 
total sterility during the months of August 
and September. This study was initiated in 
an effort to find a practical method of keeping 
bulls cool, so as to maintain a high level of 
fertility throughout the year. 

Twenty-five bulls representing the Jersey, 
Guernsey, and Holstein breeds were assigned 
to five groups. Group 1 was housed in box 
stalls in a pole-type barn open on two sides. 
Group II and IIT were housed in a large barn 
equipped with ten overhead fans and two 
exhaust fans. In addition, Group II was ex- 
posed to a very fine mist-type water spray. 
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Groups IV and V were kept in individual 
paddocks which were equipped with aluminum- 
covered sheds open on one side. The Group IV 
paddocks also had natural shade. 
Preliminary observations indicated that the 
relative comfort of the bulls in descending 
order was Groups IT, ITT, IV, V, and I. Semen 
quality and fertility data will be presented. 


Homologous vs. nonhomologous nutrient 
systems for the culture of bovine testicular 
tissues. M. A. Brown, Texas Agricultural 
Experiment Station, College Station. 

In the intact organism, nutrition is fur- 
nished entirely by a homologous system. 
Numerous workers have found, however, that 
nonhomologous nutrient media more adequate- 
ly support growth and maintenance of tissues 


and organs in vitro. Apparently, processes 
for preparing nutrient media and for cultur- 


ing tissues alter either the characteristics of 
the media or of the tissues, so that the latter 
are not adequately nourished by homologous 
fluids. 

In a tissue culture study conducted at this 
station, it was found that a nutrient fluid 
containing bovine serum, bovine embryo ex- 
tract, and a balanced salt solution (homolo- 
gous nutrient system) sustained adequate 
growth of cultures of bovine testicular tissue 
in vitro an average of 38 days per culture. 
Nonhomologous nutrient systems containing 
chick embryo extract, balanced salt solution, 
and bovine serum, horse serum, fowl serum, 
human cord serum, or human ascitie fluid 
maintained similar tissues in culture for an 
average of 33, 23, five, eight, and four days, 
respectively. This may indicate that homolo- 
gous nutrient systems may be used success- 
fully to nourish cultures if optimum culture 
techniques are employed. 


Some observations on reproductive per- 
formances of dairy cattle in Louisiana. J. G. 
Hau, C. Branton, E. J. Stone, R. B. Lank, 
AND J. B. Frys, Jr., Louisiana State Uni- 
versity, Baton Rouge. 

Observations were made to determine dur- 
ation of estrus, length of estrous cycles, in- 
cidence of anestrus, and other related factors 
affecting breeding efficiency. Observations for 
heat were made at 6-hr. intervals, except for 
four, ten-day seasonal periods, when observa- 
tions were made at 2-hr. intervals. Time of 
ovulation was determined by rectal palpation 
at 6-hr. intervals after the end of estrus. 

Preliminary results on 219 cows and heifers, 
involving 837 heat periods, gave an average of 
12.56 + .43 hour for the duration of heat for 
the observations made at 6-hr. intervals. 
Observations made during three, 10-day pe- 
riods in January, August, and September, 
involving 124 heat periods, gave an average 
duration of heat of 11.47+.48 hour. The 
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duration of standing estrus was 10.58 + .20 
hour, with 10.04% not-standing. 

The average length for 615 estrous cycles 
was 20.67 + .49 day, with 21 days the modal 
class. 

The efficiency of observations for estrus was 
85.41%, when the 0600 and 1800 hr. observa- 
tions were considered. However, efficiency 
was 94.02% when the 0600, 1200, and 1800 
hr. observations were used. 

The ineidence of postpregnancy estrus was 
2.22%. These estrous periods were not in- 
cluded in the 837 periods used to estimate 
average duration of estrus. 


A study of factors affecting the number of 
cows bred artificially. Durwarp O1ps, Eis 
Mutuins, and D. M. Searu, University of 
Kentucky, Lexington. 

Fifteen southern states bred artificially an 
average of 10.2% of their dairy cattle during 
1956, compared to a national average of 25%. 
Attempts have been made to explain this 
contrast on the basis of lower concentration 
of cows, fewer telephones, and poorer roads 
in many areas of the South. The present study 
was designed to determine the relationship 
between the number of cows bred artificially 
per square mile in the 48 states and the 
following three factors: (1) number of dairy 
cows per square mile, (2) number of rural 
telephones per square mile, and (3) the per- 
centage of farms on unimproved dirt roads. 

The multiple correlation coefficient was .65, 
indicating that 42% of the variation in num- 
ber of cows bred was owing to the combined 
effects of these three factors. The correlation 
coefficient with cows bred was .51 for cow 
population, .38 for number of rural telephones, 
and —.55 for percentage of farms on dirt 
roads. 

Multiple regression calculations revealed 
that seven states (Alabama, Kentucky, Louisi- 
ana, Maryland, Mississippi, Tennessee, and 
Virginia) bred fewer cows artificially than 
would be expected; whereas, eight states 
(Arkansas, Florida, Georgia, North Carolina, 
Oklahoma, South Carolina, Texas, and West 
Virginia) bred more cows artificially than 
would be expected. 


The manufacture of Cheddar cheese from 
pasteurized homogenized milk. I. I. Prrsrs, 
C. A. Muay, ano G. L. Dauton, Texas Agri- 
cultural Experiment Station, College Station. 

The following information was obtained on 
four trials on Cheddar cheese made from raw, 
pasteurized, and pasteurized, homogenized 
milk, subjected to 1,000 and 2,000 p.s.i., re- 
spectively. 

Milk in each trial was of similar composi- 
tion and quality. 

Average pounds of cheese obtained per 
100 lb. of milk were 10.75 from raw, 10.75 
from pasteurized, and 11.19 and 10.75 from 
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pasteurized, homogenized, at 1,000 and 2,000 
p.s.i., respectively. Average calculated yields 
of cheese based on 39% moisture, listed in 
the above order, were 11.36, 11.45, 11.77, and 
11.77 lb. 

The higher possible yield from pasteurized 
over raw milk was owing to greater S.N.F. 
utilization; whereas, the higher possible yield 
for pasteurized, homogenized milk over the 
raw milk was the result of greater fat utiliza- 
tion. 

Intermittent weighing of cheese during dry- 
ing showed a decreasing drying rate from 
raw to pasteurized to pasteurized, homoge- 
nized milk cheese. 


A study of selected chemical and physical 
properties of high solids cultured milks. JoHn 
Jaynes, KE. R. JarMAN, AND J. J. WILLINGHAM, 
Texas Technological College, Lubbock. 

The research work was designed to study 
several selected chemical and physical pro- 
perties of high solids cultured milks. 

The level of solids of the three groups of 
milk studied was 16, 18, and 20% total milk 
solids. All samples of each group contained 
1% butterfat. 

Studies were made on these enriched milks 
to determine the effect of these high levels 
of nonfat milk solids on viscosity, pH, titrat- 
able acidity, and total volatile acidity. 

Observations concerning the effect of added 
citrates were made, along with taste evalu- 
ations. Several trials involving homogeniza- 
tion of cultured milks and the effect of vis- 
cosity and wheying-off were made. 


Influence of frequency of transfer and of 
incubation period on the activity of lactic 
cultures. H. C. Orson, Oklahoma State Uni- 
versity, Stillwater. 

Five cultures—four active, and one slow due 
to bacteriophage infection—were transferred 
five times a week, twice a week, once a week 
in milk with calcium carbonate added and 
not transferred. The latter set of cultures 
was ripened in milk containing calcium ear- 
bonate and then held at from 40 to 50° F. 
At weekly intervals, each set was transferred 
and activity tests run on the ripened cultures 
after from 12 to 14 hr. of ineubation at 72° F. 
After several weeks, it appeared that the 
frequency of transfer had no significant in- 
fluence on the activity of the active cultures. 
The slow culture gradually increased in ac- 
tivity, except that it remained slow when 
stored in the carbonate milk without trans- 
ferring. 

Ten cultures, representing active and slow 
ones, were incubated for 16 hr. and for 24 hr. 
Activity tests, run at weekly intervals, in- 
dicated that the 24-hr. incubation was some- 
what detrimental to the active cultures, but 
appeared to be beneficial to the slow ones. 








JOURNAL OF DAIRY SCIENCE 


Procedure for evaluating cottage cheese— 
type nonfat dry milk. W. K. STone anp 
P. M. Large, Virginia Agricultural Experi- 
ment Station, Blacksburg. 

To compare the curd-making property of a 
powder with that of a low-heat control, 
cottage curd is made from each dry product 
in small duplicate vats by a rapid short-set 
method. Twenty-five per cent low-heat starter 
containing 11% solids, made from the powder 
being tested, is added to each vat of 11% 
cheese-milk. The temperature is adjusted to 
90° F. and rennet is added. When the pH 
of the curd is 4.70, it is eut into 34-in. cubes, 
and the whey is slowly heated to 98° F. This 
temperature is maintained until the pH of 
the curd is 4.60, then the temperature is 
slowly increased to 120° F. After cooking, the 
eurd is washed, drained, and evaluated by 
the procedures outlined by the A.D.S.A. 
cottage cheese score-card committee. 

The quality of curd made by the above 
method was comparable to curd made in 
larger vats. Thirty powders were tested for 
whey protein nitrogen, rennet curd tension, 
and eurd-making. Results demonstrated that 
neither whey protein, nitrogen, nor rennet 
eurd tension was always reliable for predict- 
ing the curd-making property of a powder. 


Relationship of bacterial types and numbers 
to spoilage of pasteurized milk held at certain 
refrigeration temperatures. W. E. GLENN, 
University of Kentucky, Lexington. 

This study was designed to determine the 
relationship: (1) of the numbers and kinds 
of bacteria in raw milk to the initial flavor 
seore of the pasteurized product; (2) of 
mesophiles, psychrophiles, and coliforms to 
the shelf-life of milk stored at 35, 41, and 
50° F., and (3) of the storage temperature 
to the shelf-life of the milk. 

Results indicate that: (1) The numbers and 
kinds of bacteria in raw milk may affect the 
initial flavor score of processed milk. (2) The 
bacterial count of the pasteurized milk in- 
creases very slowly at 35° F., usually requir- 
ing from five to ten days before a significant 
increase occurs. As the refrigeration temper- 
ature is increased, these bacteria grow faster. 
Preliminary results indicate that 500,000 to 
a few million organisms per ml. of milk are 
required before the milk acquires an objection- 
able flavor. (3) Properly processed milk will 
have low bacterial counts and be free of 
coliforms and practically free of psychro- 
philes. Such milk when stored at 50° F. may 
be expected to have a satisfactory flavor after 
six days of storage, at 41° F., about 16 days, 
and at 35° F., about 26 or more days. 


Study of the phosphatase test: A _ pre- 
liminary report. P. J. MaGnino, Jr. AND 
J. B. Mickie, Oklahoma State University, 
Stillwater. 
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Milk was pasteurized at four different tem- 
peratures (62.5, 65.0, 71.1, and 76.7°C.). It 
was tested for phosphatase activity immedi- 
ately after pasteurization and again after 24 
hr. of storage at 32.2° C. 

A phenol value of 3.6£1.3 p.p.m. was 
established as the minmum standard of milk 
pasteurization. The minimum time of pas- 
teurization was established at the four heating 
temperatures and these times were found to 
vary. This was considered to be owing, in 
part, to seasonal variations and in part to 
experimental error. 

Phenol values obtained before and after 
ineubation were erratic, with more erratic 
values being obtained after incubation. Most 
variations obtained were within the experi- 
mental error and no general trend toward 
higher to lower values after incubation was 
shown. 


Salaries of dairy manufacturing graduates. 
H. B. Henperson, University of Georgia, 
Athens. 

Employment opportunities for dairy manu- 
facturing graduates and salaries being re- 
ceived were revealed in a nationwide study in 
1954-1955. A continuation of this study re- 
vealed that graduates continue to increase 
their earnings as they gain experience and 
assume more responsible positions. Prelimi- 
nary figures on 218 graduates revealing start- 
ing salaries and salaries for 1957, and who 
were employed from 1 to 11 yr., indicate that 
the average annual increase in earnings has 
averaged $455. This increase has been main- 
tained rather consistently over the entire 
period. 

Starting salaries, likewise, have increased 
rather consistently since 1946. The average 
starting salary for 1946 graduates was $2,980; 
whereas, for 1956 graduates it averaged $4,250, 
the highest year of the entire period. 

Many graduates report marked improve- 
ment in working conditions and attitudes of 
management. However, many still report poor 
working conditions, long hours, and no in- 
dustry training program—as a handicap to 
satisfactory employment in the dairy industry. 


Some factors influencing the time required 
for dairy cows to consume concentrates. 1). V. 
BostaIn AND O. T. Statucup, Arkansas Agri- 
cultural Experiment Station, Fayetteville. 

Data have been obtained on the time re- 
quired for dairy cows to consume concentrates 
in four stanchion barns and ten milking par- 
lors under winter-feeding conditions when 
stored roughages were fed. The minutes re- 
quired to consume 1 lb. of concentrate for 
cows in stanchion barns were 2.15 + 0.89, 
2.19 + 0.84, 3.00 + 0.96, and 2.41 + 0.98 for 
97 Guernsey, 40 Holstein-Friesian, 49 Jersey, 
and 186 total cows, respectively. The minutes 
required to consume 1 lb. of concentrate for 
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cows in milking parlors were 1.77 + 0.62, 
1.53 + 0.56, 1.89 + 0.59, and 1.77 + 0.60, for 
61 Guernsey, 52 Holstein-Friesian, 110 Jersey, 
and 223 total cows, respectively. The differ- 
ence between barn types and between farms 
within barn types was significant, indicating 
that management on the farm has consider- 
able influence on the rate of consumption. 

Thirty-two cows of the University herd 
consisting of 11 Holsteins, 11 Jerseys, six 
Brown Swiss, and four Guernseys were ob- 
served to determine the influence of ration on 
the time required to consume concentrates. 
When on a ration of alfalfa hay and sorgo 
silage, the consumption rate was 1.33 min/I|b. 
When the same cows were receiving high- 
quality oat-vetch pasture the consumption 
rate was 2.38 min/\b. 


A comparison of two systems of feeding 
roughages to dairy cattle. A. V. Davis anp R. 
S. Woopwarp, North Louisiana Experiment 
Station, Calhoun. 

Beginning August 1, 1956, and continuing 
through July 31, 1957, an experiment was 
conducted to determine the value of a good 
pasture compared with good-quality alfalfa 
hay. Two equal groups of ten Jersey cows 
were used. Group 1 was placed on the best 
pasture available, supplemented with home- 
grown grass hay; whereas, Group II received 
a limited amount of very poor pasture and 
good-quality alfalfa hay. Grain feeding was 
the same for each group. 

Group I produced an average of 24.57 Ib. 
of 4% FCM per cow-day of production, valued 
at $1.43. Group II produced an average of 
23.98 lb. of 4% FCM per cow-day of pro- 
duction, valued at $1.40. Cost of production 
for Group I was $0.48 per cow per day, and 
for Group IT, $0.55. The value of production 
was $0.03 per cow per day greater, and the 
cost of production. was $0.07 per cow per day 
less, for Group I. Thus, the value of a good 
pasture program over a poor pasture supple- 
mented with good-quality alfalfa hay was $0.10 
per cow per day. The cows in Group I gained 
53.9 lb. per cow; those in Group II, 46.8 Ib. per 
cow. 


Substituting concentrates for corn silage 
in drouth years. W. A. Kina, South Carolina 
Agricultural Experiment Station, Clemson. 

In two experiments, 10.0 lb. molasses, 7.3 
lb. citrus pulp, and 8.0 lb. ground snapped 
corn were each substituted for part of the 
corn silage in the winter ration of milking 
cows. Hay and silage were fed in outdoor 
feed bunks and the substitutes were scattered 
on top of the silage. In the first experiment, 
the cows were fed an average of 6.8 lb. 
alfalfa hay, 40 lb. of corn silage, and an 18% 
crude protein concentrate mixture. Two groups 
of 75 herd cows each were used in 28-day 
reversal-type trials. The expected milk pro- 
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duction averaged 99.5, 102.5, and 104.3%, 
respectively. 

A continuous feeding trial under better 


controlled experimental conditions was con- 
ducted with four groups of six cows each for 
84 days. The cows in the control group con- 
sumed 80.3 lb. of corn silage, compared to 
53.4 lb. in the three other groups. The aver- 
age consumption of other feeds was 6.7 Ib. 
alfalfa hay and 13.2 lb. of an 18% concentrate 
mixture. The expected milk production aver- 
aged 106.1% for the controls and 105.4, 104.7, 
and 105.0%, respectively, for the other ra- 
tions. The milk production averaged 42.7, 
42.9, 42.9, and 43.0 lb. per cow daily, re- 
spectively. 


A Johnson grass—Sorghum hybrid, Coastal 
bermuda grass, and Tift Sudan as pastures for 
milk production. W. D. Crart, J. R. Owen, 
W. C. Cowsert, anp J. T. Mites, Mississippi 
Agricultural Experiment Station, State Col- 
lege. 

This trial was earried out during the sum- 
mer of 1957, using a Latin-square design with 
three groups of six cows each. Three two-acre 
paddocks of each crop were used. Additional 
cows were added to the group of 18 tester 
cows, when needed to keep the crops properly 
grazed. The pastures were evaluated by 
measuring milk production and change in body 
weight of tester cows and obtaining the 
carrying capacity per acre of each grass. 

The average daily milk production per cow 
was 36.4 lb. on the Johnson grass—sorghum 
hybrid, 32.1 lb. on the Coastal bermuda grass, 
and 36.1 lb. on Tift Sudan. Average daily 
changes in body weights were + 0.39, + 0.12, 
—0.18 lb., respectively, for the three crops. 

The total cow-days grazing provided were 
124.2 days per acre for the hybrid, 256.3 days 
for Coastal bermuda, and 123.8 days for Tift 
Sudan. The carrying-capacity measurements 
on the hybrid and Coastal bermuda grass 
covered the entire summer-growing season. 
The Sudan plots were prepared and seeded 
between April 13 and 30, following oat graz- 
ing, and were replanted in oats in mid- 
September. The cow-days of grazing on two 
of the hybrid plots were somewhat affected 
by crabgrass competition. 


Comparison of Georgia Number One hybrid 
millet and Piper sudan for lactating dairy 
cows. L. J. Boyp anp J. B. McLaren, Tennes- 
see Agricultural Experiment Station, Knox- 
ville. 

A reversal-type experiment involving 15 
pairs of Holsteins was conducted during the 
summer of 1957, in which every cow was fed 
each of the two forages for a 28-day period. 
The forages were chopped daily and fed in 
a dry-lot. The paired mates were fed the 


same amount of grain daily, and hay was 
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allowed to each group at the rate of 3 Ib. 
per cow per day. 

During the first period. the average daily 
milk production for the Millet group was 35.8 
lb., and 33.8 lb. for the Sudan group. Group 
data revealed that an average of 181 lb. of 
Millet and 163 lb. of Sudan were consumed 
per cow per day during this period. The 
average daily production during the second 
period was 29.3 and 29.2 lb. for the cows on 
Millet and Sudan, respectively. During this 
second period, when forage quality was lower, 
average daily consumption dropped to 98 Ib. 
for Millet and 103 lb. for Sudan. 

There was no significant difference between 
the two groups in the production of milk or 
butterfat. None of the cows showed abnormal 
changes in butterfat test. Changes in body 
weight were the same for both groups. 


The feeding value of oat silage cut at two 
stages of maturity and preserved with sodium 
metabisulfite or ground snap corn. L. R. Sisk, 
M. E. McCun.oueu, anp O. E. Seti, Georgia 
Experiment Station, Experiment. 

Oats eut in the prebloom and boot stages 
were ensiled in upright silos during two 
growing seasons. Both years, two silos were 
filled with alternate loads of prebloom oats, 
using Na.S.O; in one and ground snap corn 
in the other. Preservatives used: Silo 1, 
Na-S8-.O;; Silo 2, ground snap corn; Silo 3, 
Na.S.0;, and Silo 4, ground snap corn. For 
each silage, cows were grouped according to 
level of production and body weight and 
group-fed for 28-day periods. Average daily 
intakes of the silages were 75.6, 82.3, 84.5, 
and 80.6 lb. for Silos 1, 2, 3, and 4, respec- 
tively. Between the two preservatives used, 
a significant difference was observed in milk 
production. Oats preserved with ground snap 


corn held milk persistency to a 6% loss in 
1956 and a 9% loss in 1957. The Na.S.O; 
silage showed a loss of 22 and 26% for the 


two years. The prebloom stage resulted in 
equally good milk production without the 
excessive storage losses encountered in the 
boot-stage oats. Information on silage losses 
and other factors also will be presented. 


Saccharin supplementation in the diet of 
ruminants. L. L. Rusorr, W. J. A. Payne, 
EK. J. Stone, anp G. A. Hinpery, Louisiana 
Agricultural Experiment Station, Baton 
Rouge. 

Sweetening agents, such as molasses and 
sugar, have been used with success in rations 
for farm animals. Saeccharin is much sweeter 
than sugar, although regarded as having no 
food value. Preliminary experiments were 
conducted with dairy steers to study the effect 
of adding saccharin at levels of 4% of 1% and 
1% to grain, hay, or silage. Slightly greater 
consumption of the treated feds was obtained. 

In another study, various levels of saccharin 
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(44th lb. to 5 lb.) per ton of oats or millet, 
were ensiled with and without molasses or 
sodium metabisulfite in upright conerete ex- 
perimental silos. Palatability studies using 
dairy steers showed that the greatest con- 
sumption of silage was obtained with the 
mixture of 4th lb. or 1% lb. of saccharin and 
35 lb. molasses, per ton. Animals also con- 
sumed more silage when it was treated with 
saccharin than when it was treated with 
bisulfite. 

In a 20-day study conducted during hot 
weather, the addition of 0.05 lb. of saecharin 
per 100 lb. of water increased the water con- 
sumption and body weights of dairy cows. 


Some results of measuring cellulose diges- 
tion of forages by small-sample techniques. 
J. W. Lusk anv J. T. Mites, Mississippi Agri- 
cultural Experiment Station, State College. 

The digestibility of the cellulose of several 
forages was determined concurrently by sus- 
pending small silk bags in the rumen of 
fistulated cows and by a slight modification 
of the Cheng, Hall, and Burroughs artificial- 
rumen technique. Average digestibility of 
cellulose in beet pulp was 92.2%, in alfalfa 
hay, 50.1%, in Johnson grass hay, 62.0%, and 
in Coastal bermuda hay, 59.5%, by the in vivo 
method. In a conventional digestion trial, 
55% of the cellulose in the same sample of 
alfalfa hay was digested. 

Initially, an international centrifuge at 
2,000 rpm. (1133 x G), as described by 
Lambert and Jacobson, was used in obtaining 
inoculums for che artificial rumen. Results 
were quite variable. When a high-speed angle 
centrifuge was used at 5,000 r.p.m. (3193 x 
G), results were repeatable. In a series of 
carefully controlled trials, digestion of the 
cellulose in four feeds averaged 55%, using 
inoculums obtained at slow speed; and 62% 
for high speed when the bacterial cultures 
were not washed, and 16 and 57%, respee- 
tively, when the cultures were washed twice. 
A feed-by-speed interaction was present on 
both the washed and unwashed cultures. 


Proximate analysis of lignin isolated from 
various roughages. O. T. Srauucup, Arkansas 
Agricultural Experiment Station, Fayetteville. 

Lignin was isolated from various dry rough- 
ages, then subjected to a proximate analysis 
as outlined by the A.O.A.C. methods. The 
crude protein, ether extract, crude fiber, ash, 
and N.F.E. contents, respectively, of the 
lignin of various roughages (dry matter basis) 
were as follows: Alfalfa hay—1.24, 3.08, 
39.40, 5.20, and 51.08%; Bermuda grass hay— 
9.55, 2.73, 38.64, 17.87, and 31.21%; oat 
straw—3.55, 1.04, 51.06, 9.21, and 35.14%; 
Kentucky 31 Fescue hay—3.57, 2.90, 48.73, 
8.49, and 36.31%; orchard grass hay—10.52, 
0.94, 23.70, 10.03, and 54.81%; upland prairie 
hay—7.12, 3.05, 14.08, 14.23, and 61.52%. 
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These data indicate that the character of 
lignin varies from one plant source to an- 
other. Nitrogen, ether extract, and minerals 
are trapped in varying degrees by lignin, 
depending on the plant source. These data also 
indicate that in some plants more of the 
lignin appears in the nitrogen-free extract 
fraction than in the crude fiber fraction. These 
data lend credence to the facts that crude 
fiber does not comprise all of the indigestible 


carbohydrates, nor does the nitrogen-free 
extract represent only digestible carbohy- 
drates. 


Utilization of wood pulp as a roughage 
replacer in experimental dairy rations. G. F. 
Wiuuiams, 8. D. Muserave, J. D. Scnvn, 
AND R. W. MacVicar, Oklahoma State Uni- 
versity, Stillwater. 

Kleven digestion trials have been completed 
in which wood pulp cellulose’ was used as a 
roughage replacement. Four groups of dairy 
bulls and one group of dairy steers, totaling 
26 animals, were used. They averaged from 
225 to 860 lb. For three years, 14 of the bulls 


have been on measured-intake rations, in 
which wood pulp was the only roughage 
offered. 


For rations containing wood pulp and a 
well-balanced grain mixture, apparent TDN 
coefficients have exceeded 68%. For two trials 
in which the only constituents were wood 
pulp, cottonseed meal, and mineral and vita- 
min supplements, apparent TDN coefficients 
dropped to 54%. Apparent crude fiber diges- 
tion was 40% or more in all trials. 

When wood pulp was mixed with molasses, 
cottonsed meal, or grains, animals readily 
consumed amounts equal to the accepted ree- 
ommended amounts of dry matter. Limited 
acceptance of the dry wod pulp occurred when 
it was fed alone. 

Animals made satisfactory growth while 
receiving wood pulp supplemented with a well- 
balanced grain mixture. Lowered rumen ac- 
tivity and a high rumen pressure were ob- 
served. Results of one digestion trial in which 
the animals received only wood pulp, minerals, 
and vitamins will be presented. 


* Trade name ‘‘Solka Floc’’, Brown & Company. 


Effect of environmental temperatures on 
milk production. J. E. JoHnsron, Louisiana 
Agricultural Experiment Station, Baton 
Rouge. 

Recent research at L.S.U. indicates that the 
effect of high environmental temperatures on 
milk production can be divided into two 
subsidiary effects: (1) the direct effect of 
hot conditions on the animal, and (2) the 
indirect effect mediated through changes in 
nutritional regimen, The nutritional effect 
is owing to changes in forage quality associ- 
ated with prolonged hot weather, and results 
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in a depression of forage digestibility and 
milk production. This can be prevented, or 
the effect limited, by the use of supplemental 
forages, irrigation and, perhaps, use of stored 
roughages. The direct effect of hot conditions 
on the animal depends, to a great extent, upon 
the prior acclimatization of the animal. When 
dairy cows are subjected suddenly to hot 
weather without prior adaptation, the im- 
mediate result is a depression of milk pro- 
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duction and feed consumption concomitant 
with a marked rise in body temperatures and 
respiration rates. If, however, the cows have 
previously been adapted by a gradual increase 
in temperature and humidity, these same hot 
conditions have very little effect upon milk 
production and feed consumption. Prolonged 
exposure to hot conditions results in a gradual 
decline in milk production, apparently associ- 
ated with adaptive metabolic changes. 
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CHEESE 


59. Cheese product. E. TraisMAN AND W. 
KurtTzHALTS (assignors to Natl. Dairy Prod- 
ucts Corp.). U. S. Patent 2,817,590. 3 claims. 
Dee. 24, 1957. Offic. Gaz. U. S. Pat. Office, 725, 
4:751. 1957. 

This dry grated cheese product, consisting 
of particles of American cheese and from 2 
to 5% of dried yeast, has an enhanced cheese 
flavor but no detectable yeast flavor. 

R. Whitaker 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


60. Natural orange concentrate and orange- 
milk drink. E. B. Ransom. U. 8S. Patent 
2,818,342. 2 claims. Dee. 31, 1957. Office. Gaz. 
U.S. Pat. Office, 725, 5: 952. 1957. 

A method is described for preparing a non- 
coagulated orange-flavored milk drink from 
milk and a fresh concentrate of orange pulp, 
peel, and albedo. The peel oil and pectin to- 
gether comprise at least 2% of the orange 
concentrate. R. Whitaker 


DAIRY BACTERIOLOGY 


61. Publication of the Division of Sanitary 
Engineering Services and the Robert A. Taft 
Sanitary Engineering Center, U. 8S. Dept. of 
Health, Education, and Welfare. 

This publication is a compilation of classi- 
fied contributions in engineering, biology, 
physies, chemistry, bacteriology, and meteorol- 
ogy, and it applies to the environmental health 
of all people, regardless of their occupations. 
This is not a complete bibliography but is a 
listing of available publications. A very valu- 
able reference source has been made available. 

EK. O. Herreid 


DAIRY CHEMISTRY 


62. Radiation hazards in the field of pedi- 
atrics. M. Rospinow np F. M. SILVERMAN, 
Yellow Springs Clinic, Yellow Springs, Ohio, 
and Dept. of Pediatrics and Radiology, Univ. 


of Cincinnati College of Med. Pediatrics, 20, 
5: 921. 1957. 

This is a detailed report on the various 
sources of ionizing radiation to which the 
human race is exposed, and the biological ef- 
feets. Strontium-90 is beginning to be dissemi- 
nated world-wide as a result of atomic ex- 
plosions. Because it is a producer of beta rays, 
strontium-90 is not a hazard as a source of 
external radiation. When taken into the body, 
its long half-life (28 yr.) makes it a potent 
source of ionizing radiation internally. It is 
handled in the body much like calcium, and 
is deposited in bone. It is absorbed by plants 
along with calcium and, in turn, by grazing 
animals, and again in turn, appears in cow’s 
milk. Because milk is such an important food 
source and because children, especially, con- 
sume the largest proportion of dairy products, 
also because the duration of exposure to in- 
ternal radiation is greater with children than 
with adults, the whole question of danger from 
strontium-90 fallout becomes particularly a 
pediatric problem. 

There are dissenting opinions as to whether 
present and estimated future atomic-bomb 
testing presents a radiation hazard from stron- 
tium-90. The author believes there is evidence 
that the strontium-90 level in soils and foods 
is now, in general, considerably below maxi- 
mum permissible levels. He points out that 
there are differences in fallout, depending on 
weather; differences in passage from soil to 
plant, depending on whether the soil is de- 
ficient in calcium, and that there are differ- 
ences in the ability of individuals to resist 
the biological effects of ionizing radations. 

Frank E. Rice 


63. Flavor in foods—A cumulative review. 
Recent contributions to the chemistry of flavor 
in milk and its products. S. Parron AND 
Puiuip Keeney, Pennsylvania Agr. Expt. Sta., 
University Park. 

The authors review and summarize much of 
the recent research and some postulations 
dealing with the chemistry of flavors in dairy 
products, particularly fluid milk, concentrated 
milks, butter, and cheese. F. J. Doan 


All 
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64. Treatment of milk. H. H. Eurmawn (as- 
signor to Borg-Warner Corp.). U. S. Patent 
2,816,500. 8 claims. Dee. 17, 1957. Offic. Gaz. 
U. S. Pat. Office, 725, 3:457. 1957. 

Details are given for a deodorizer for re- 
moving occluded gases and volatile constitu- 
ents from milk. The milk is heated by means 
of a regenerator and a final heater, intro- 
duced into a chamber at reduced pressure, air 
bubbled through the milk, and the deodorized 
milk withdrawn from the bottom. An arrange- 
ment is provided to maintain the level of milk 
in the chamber by adjustments in the vacuum 
supply. R. Whitaker 


65. Reconstituted powdered milk products 
and method and device therefor. L. A. Niz- 
MANN (assignor to Milnot Co.). U. S. Patent 
2,816,500. 8 claims. Dee. 17, 1957. Offie. Gaz. 
U. S. Pat. Office, 725, 5: 952. 1957. 

Milk powder is dispersed into a continuously 
flowing stream of water by pumping the water 
through a venturi-type fitting and using the 
reduced pressure formed to suck the powder 
into the stream of water. Full dispersion of 
the powder results from the agitation of the 
liquid after leaving the T. R. Whitaker 


66. Sterilizer. D. D. Prrsies (assignor to 
Foremost Dairies, Ine.). U. 8. Patent 2,817,593. 
8 claims. Dee. 24, 1957. Offic. Gaz. U. S. Pat. 
Office, 725, 4:751. 1957. 

Milk or other heat-sensitive liquid food 
produc is sealed in cans. The cans are rapidly 
heated to the sterilizing temperature, held, 
and cooled. The rate of heating is greatly 
facilitated by rotating the cans, to develop a 
centrifugal force of five times gravity or more 
within the can. R. Whitaker 


67. Liquid-dispensing machine. P. F. Git- 
BERTY (assignor to Dairymat Corp.). U. S. 
Patent 2,817,461. 4 claims. Dee. 24, 1957. 
Offic. Gaz. U. S. Pat. Office, 725, 4:718. 1957. 

Milk or other liquid food dispensed 
through a plastic tube which is pinched at two 
points to entrap a desired volume. The area 
between the points subsequently is squeezed, 
to discharge the measured portion. 


R. Whitaker 


is 


68. How the architects and engineers planned 
and built Irvindale’s new Atlanta plant. J. W. 
CuHerry, E. L. Roperrs, H. Hunter, J. W. 
Austin, AND W. L. Epwarps. S. Dairy Prod. J., 
61, 3:30. 1957. 

The architectural and engineering features 
of the Irvindale plant, including some of the 
most advanced ideas for buildings of its type, 
are described and discussed. F. W. Bennett 
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69. How Carnation tests its routemen for 
safe-driving ability. S. W. Parsons, Carna- 
tion Co., Los Angeles, Calif. S. Dairy Prod. J., 
61, 5:28. 1957. 

Excellent results have been obtained from 
the use of a written test for drivers designed 
by Dr. C. L. Wilson of Los Angeles. The driver 
is tested on visual attention, depth perception, 
recognition of simple detail, recognition of 
complex detail, eye-hand coordination, and 
steadiness. Applicants for driving jobs must 
receive a grade of A or B. Each employee is 
told the results of his test and is advised how 
to compensate for any failings. The tests are 
kept on file and used in studying any accident 
in which a driver subsequently may be in- 
volved. F. W. Bennett 


70. The problem of delivering dairy products 
to your customers in the same condition in 
which they leave your plant. J. C. GREEN, 
Southern Dairies, Inc., Charlotte, N. C. 8S. 
Dairy Prod. J., 61, 4:40. 1957. 

Delivery vehicles must have suitable insula- 
tion and adequate refrigeration to maintain 
the quality of dairy products. Mechanical re- 
frigeration has the advantages of prolonging 
the life of the truck body, keeping packages 
dry and clean, and providing storage to sup- 
plement storage in the plant. The disadvan- 
tages ave larger initial investments, heavier 
bodies, and greater maintenance costs. 

The self-contained refrigeration unit is 
simple to install, but its maintenance may in- 
volve the employment of one or two additional 
skilled servicemen. Units connected directly 
to the truck power can be used only when the 
truck engine is operating, installation is more 
complicated and, in some cases, may tend to 
cause trouble in truck operation, and controls 
for temperature also are a problem. If this 
equipment is supplemented, so that retriger- 
ation may be produced while the truck is 
standing, one or more services of different 
types are needed. 

The new hydraulic systems look simple, but 
few types of equipment develop as many prob- 
lems. Hold-over plates containing tubes for 
the circulation ot refrigerants and a eutec- 
tic solution which freezes at the desired tem- 
perature are simple to install and maintain, 
but are dependent upon compressors in the 
plant or on the truck. Dry ice and a cireu- 
lating fan to move the cold air is another 
method of refrigeration being sold. In spite 
of the possible troubles, mechanical units are 
definitely preferable to the use of “wet ice.” 

F. W. Bennett 


71. Are you getting the most from your ad- 


vertising agency? EK. G. OLWELL, Jr. S. Dairy 
Prod. J., 61, 4: 38. 1957. 
Every client can reasonably expect these 
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values from his advertising ageney: product 
evaluation and study, present and potential 
market study, consumer research, knowledge 
of product distribution and sales, competent 
advertising, specialized services such as pack- 
age design, public relations, and sales plans, 
thorough knowledge of competition, complete 
confidence, fast completion of assignments, 
complete frankness and cooperation. 
F. W. Bennett 


72. ILet’s change costs, carelessness, collisions 
to concern, carefulness, cooperation for greater 
safety. P. R. Exusworrn, Milk Industry 
Foundation, Washington, D. C. 8. Dairy Prod. 
J., 61, 4:31. 1957. 

In 1955, a total of 25,871 persons per day 
were killed or injured accidentally in the 
United States. Those accidents, plus non- 
injury motor vehicle and work accidents, cost 
our nation $10,300,000,000. The annual work- 
injury frequency rate for the fluid milk in- 
dustry during that year was 22.6 disabling 
injuries per million employee-hours worked. 
In general, the fluid milk industry has been 
found in the upper range of the industry- 
injury rates. The steel industry, formerly 
having one of the highest rates, had a rate 
of 3.85 in 1954, Accidents cost also in poorer 
labor relations and lessened good will. Im- 
provement of the accident record may be ac- 
complished by surveying all operations and 
following a good safety program in a well- 
organized manner. F. W. Bennett 


73. Supermarket selling. New ideas in point- 
of-sale merchandising of dairy products. ANON. 
S. Dairy Prod. J., 61, 4:28. 1957. 

An eight-phase program for merchandising 
ice cream in the supermarket more effectively 
inclues a hand-dipped center, samples of new 
flavors, ice cream demonstrations, packaging 
sherbet and ice cream together, selling another 
product attached to the ice cream package, 
selling packages with a premium, creating a 
trade character to help build a brand name, 
and a tie-in with seasonal promotions. 

‘, W. Bennett 


74. Scientific sales management. I. The sales 
department. C. Brown, Jr., Knowlton’s Cream- 
ery, San Antonio, Tex. 8. Dairy Prod. J., 61, 
4:30. 1957. 

A business firm’s ability to cope with dif- 
ficulties is the measure of the degree of in- 
ternal coordination. It is suggested that the 
sales manager be directly in charge of all parts 
of his organization but also work through sales 
training, advertising agency, credit manager, 
and office manager with the individual retail, 
wholesale, and special product sales depart- 
ments. 

The functions of the sales department are 
market research, sales planning, advertising 
and promotion, selling and servicing, and the 
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control of sales expenses and the submitting 
of control reports. 

The duties of the chief sales executive are 
to formulate and interpret sales policies and 
administer sales activities, and he should be 
free from confining selling obligations. 

F. W. Bennett 


75. Scientific sales management. II. Sales 
forecasting. C. Brown, Jr., Knowlton’s Cream- 
ery, San Antonio, Tex. S. Dairy Prod. J., 61, 
5:31. 1957. 

The principal functions of an organization 
are planning, execution, and control. Sales 
forecasting is part of the planning function. 
It establishes basic objectives by a democratic 
method. Each salesman submits the amount of 
his expected sales for the coming year, with 
his comments. Each departmental sales man- 
ager reviews the sales goals of his men and 
establishes a departmental forecast. The 
general sales management then studies the 
forecasts of all departments and establishes 
a foreeast for the entire business unit. The 
forecast is a map for the sales, production, and 
accounting departments, for the office and 
other segments of the business. Upon this 
basis, the future needs of personnel, supplies 
and equipment may be determined. 

F. W. Bennett 


76. How bulk assembly changes milk market- 
ing costs. D. B. AGNew, USDA Marketing Re- 
search Rept. 190. 91 pp. 1957. 

Main divisions of the detailed analysis in- 
clude the effects of bulk assembly on milk 
quality and volume, on milk plant operations, 
on milk hauling, on producers, and changes in 
milk assembly cost. Shifts in functions (cool- 
ing, sampling, testing) and their costs among 
producer, hauler, and plant are discussed, as is 
the question of premiums for bulk milk. Bae- 
teria counts, flavor and odor, rancidity, butter- 
fat test, milk loss, the weights and measures 
problem, dairy waste disposal, and over-all 
assembly-cost changes also are examined. The 
analysis is presented in 55 pages of text, 40 
tables, and six figures; 344 sources are given 
in the documented reference list. 

D. B. aii 


77. Controlling customer services. G. PArrEer- 
son, Pioneer Ice Cream Div., The Borden Co., 
New York City. Ice Cream Rev., 41, 5:27. 1957. 

Some of the practices leading to higher and 
higher distribution costs in the ice cream in- 
dustry include, the rendering of excessive 
services on the part of drivers, excessive num- 
ber of deliveries to accounts in relation to 
their equipment and volume of business, and 
special deliveries, or adjusting the day and 
time of delivery to satisfy a customer request. 

The costly practices now in effect may be 
eliminated by, reducing unnecessary delivery 
services as a means of gaining a sales ad- 
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vantage; giving salesmen a thorough knowl- 
edge of delivery costs in their training, so 
that they will understand that present distri- 
bution costs do not permit rendering of any 
unnecessary services; and by explanation of 
the problem of cutting down on wasteful and 
costly practices in the distributing of . ice 
cream with the dealer. W. J. Caulfield 


78. Big government vs. small business. C. W. 
RapcuiFFe. 8. Dairy Prod. J., 61, 5:46. 1957. 

Alleged unfair treatment of the author by 
the Federal Government, because of a com- 
plaint from Labor, is described. 


F. W. Bennett 


79. Beverage container. G. L. Lamp (as- 
signor to Edlo, Ine.). U. 8. Patent 2,819,793. 
1 claim. Jan. 14, 1958. Offic. Gaz. U. S Pat. 
Office, 726, 2:329. 1958. 

A device is deseribed for binding two 
gabled-top type paper milk bottles together 
for ease of carrying. R. Whitaker 
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80. Wire tray for draining parts of milking 
machines. B. H. OscHINnG (assignor to Schlue- 
ter Co.). U. S. Patent 2,818,980. 1 claim. Jan. 
7, 1958. Offic. Gaz. U. S. Pat. Office, 726, 1:111. 
1958. 

A milking machine parts holder made of 
wire is described. R. Whitaker 


81. Milk pail cover and pulsator assembly. 
L. F. BenperR (assignor to Natl. Coops. Inc.). 
U. S. Patent 2,818,833. 4 claims. Jan. 7, 1958. 
Offic. Gaz. U. S. Pat. Office, 726, 1:72. 1958. 

A milk ean lid with a seal to make an air- 
tight connection with the can contains a built- 
in device for discharging into the can the 
milk from a pulsator-type milker. 

R. Whitaker 


82. Milk strainer for parlor milkers. F. G. 
Hopspon (assignor to Internat]. Harvester 
Co.). U. S. Patent 2,818,178. 1 claim. Dee. 31, 
1957. Offic. Gaz. U. S. Pat. Office, 725 5: 909. 
1957. 

A device for holding a cloth or cotton pad 
of the dise type in a pipeline milker is so ar- 
ranged that the filtering surface is unrestricted 
and available for full flow of the milk. 

R. Whitaker 


ICE CREAM 


83. Low temperature storage in a hurry. 
Anon. Ice Cream Rev., 41, 25:5. 1957. 

The installation of a 20 by 30 by 8 foot port- 
able low-temperature storage warehouse solved 
the problem of providing additional low-tem- 
perature storage space for the Dean Milk Com- 
pany of Franklin Park, Illinois. Fewer than 
two days were required to erect the unit and 
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get it into operation after the materials were 
received. 

The capacity of the warehouse is 20,000 
dozen stick novelties, or 35,000 dozen stick- 
less novelties. The unit can be readily ex- 
panded by adding additional sections. The 
warehouse is provided with an automatically 
controlled temperature of from —20 to —25° F. 


W. J. Caulfield 


84. Automation. Its use in the ice cream 
plant. J. T. Lazar, Jr., Clemson College, Clem- 
son, 8. C. S. Dairy Prod. J., 61, 3:33. 1957. 
Automation can reduce manpower require- 
ments and improve quality control of the prod- 
uct. Automation may be used better in plants 
which handle products mainly in liquid or 
semi-liquid form, have a high or constant prod- 
uct demand, and make few product changes. 
It has been applied so far only in the larger 
ice cream plants, to a few processes, mostly 
mix operations. However, the techniques of 
automation are being adapted more and more 
to the smailer plants. F. W. Bennett 


85. New developments in freezing equipment. 
E. Forster, Cherry-Burrell Corp., Chicago, Ill. 
S. Dairy Prod. J., 61, 3: 28. 1957. 

The recent changes in freezing equipment 
have been made to meet ice cream industry 
trends, such as the increased use of automatic 
packaging equipment, a greater variety of 
packages and products handled, new proc- 
esses or applications in the novelty and 
specialty fields, and increasing labor costs. 
Some of the results are adjustments in plant 
freezing capacity, extruding ice cream in a 
stiffer condition and in additional desired 
shapes, more simplification, more automatic 
controls, and increased flexibility. 

F. W. Bennett 


86. Mister Softee increasing sales goal for 
58. Anon. Ice Cream Rev., 41, 6:34. 1598. 

The idea of selling soft ice cream from a 
mobile unit, conceived in 1953, has now grown 
into a million-dollar-a-year business. At pres- 
ent there are 150 Mister Softee trucks oper- 
ating over a 12-state area. Plans are under 
way to expand the business by 200% during 
1958. 

Each truck is equipped with two freezers, 
a 10,000-watt generator, stainless stee] mix 
boxes, shelves, cabinets, and an air conditioner. 
The price of the unit purchased through a 
distributor is approximately $10,000. The 
dealer buys his mix from a loeal dairy, which 
pays only advertising and promotion fees to 
the Mister Softee Co. for its manufacturing 
franchise. W. J. Caulfield 


87. Product handling in the hardening room. 
H. L. Hinz, Arden Farms, San Leandro, Calif. 
Ice Cream Rev., 41, 6:24. 1958. 

Dollies, 22 by 3814 in., fabricated from alu. 
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minum alloy and equipped with ball bearing 
swivel-type casters, have provided an efficient 
means of handling and storing ice cream in the 
Arden Farms plant. The packaged ice cream 
from the freezer is placed in metal hardening 
eases which are stacked six high and passed 
through a hardening tunnel. At the exit of 
the tunnel, the stacks of hardening cases are 
transferred onto the dollies and rolled to the 
designated storage area. Each dolly holds ap- 
proximately 160 gal. of ice cream and is easily 
moved by one man. The ice cream remains on 
the dolly throughout the entire storage period. 
The advantages of this system include maxi- 
mum hardening room flexibility, easy stock ro- 
tation, reduced inventory time, better sanita- 
tion, and simplified loading and checkout. 
W. J. Caulfield 


88. Vending pints. 
41, 5:24. 1957. 

Automatic Dairies of Waukegan, Illinois, 
added an ice cream vending business to their 
milk-vending operation last June. In less than 
90 days, 25,000 pints of ice cream were sold 
through 12 Pint-O-Matie vending machines. 
The price charged for the ice cream was 25¢ 
per pint. 

The success of the operation to date is 
credited to convenience and price. The ice 
cream vending machines have been located at 
the points where milk-vending machines are 
located. Flavors handled in the vending ma- 
chines have been limited to vanilla, choco- 
late, and strawberry. The machines are serv- 
iced an average of three times a week in 
suburban locations and twice a week in city 
locations. Each machine has a capacity of 
95 pints in the vending position and an ad- 
ditional storage capacity of 100 pints. 

W. J. Caulfield 


89. The new drumstick machine. 
Cream Rev., 41, 5:26. 1957. 

The operation of a new automatic drumstick 
machine, as carried out in the Foremost- 
Golden State plant in San Francisco, is de- 
seribed. The unit has a capacity of 2,000 doz. 
drumsticks per day. Jn the operation, the 
drumstick cones are filled automatically with 
extruded ice cream, following which they pass 
under chocolate coating and nut dispensing 
devices. The unit is then sealed and automati- 
cally ejected onto a packaging table for boxing 
prior to hardening. W. J. Caulfield 


Anon. Ice Cream Rev., 


Anon. Ice 


90. Figure mold for frozen suckers. H. L. 
Baker (assignor to Otis D. Elliott and R. K. 
Treasure). U. S. Patent 2,819,690. 1 claim. 
Jan. 14, 1958. Offic. Gaz. U. S. Pat. Office, 
726, 2:301. 1958. 

This device consists of a series of flexible 
molds on a single base for molding frozen 
confections in small lots. Each mold is pro- 
vided with a clip for holding a stick. 

R. Whitaker 
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91. Portion control for dispensing freezer. 
H. F. Swenson anv J. M. Fivuxe. U.S. Patent 
2,817,214. 21 claims. Dee. 24, 1957. Offic. 
Gaz. U. S. Pat. Office, 725, 4: 653. 1957. 
Portion control is achieved by electrically 
controlling the time of discharge from a 
freezer constructed to deliver the product at 
a given constant rate. The freezer operator 
activates a foot pedal to select the portion 
size and deliver the product. R. Whitaker 


92. Ice cream blending apparatus. F. L. Dac- 
GET (assignor to Daggett Chocolate Co.). U.S. 
Patent 2,816,518. 4 claims. Dee. 17, 1957. 
Office. Gaz. U. S. Pat. Office, 725, 3:463. 1957. 


Details are given for injecting into a con- 
tinuous stream of ice cream a syrup or ice 
cream of another flavor, to form a variegated 
type of finished ice cream. R. Whitaker 


93. Reducing production costs of novelties 
and specialties. J. E. Wuite, Jr., Borden Co., 
Greenville, 8. C. S. Dairy Prod. J., 61, 3:44. 
1957. 

Written records of all phases of processing 
operations are recommended. These may be 
analyzed and studied at the close of the day, 
to discover methods of improvement without 
the interruption of daily routine. 

F, W. Bennett 
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94. Eliminating feed and weed flavors from 
your milk. W. M. Roserts, N. C. State College, 
Raleigh. S. Dairy Prod. J., 61, 3:50. 1957. 

Three types of equipment for the removal 
of flavors in milk were studied. In Type I no 
direct injection of live steam and no pasteur- 
ization occur. Type II machines may use 
limited live steam injection but they do not 
pasteurize. The Type III permits the use of 
an excess of steam and may pasteurize the 
milk. Heat treatment in excess of minimum 
pasteurization requirements in time and/or 
temperature damaged the cream line. Steam 
injection and/or excessive agitation also re- 
sulted in partial churning. A careful control 
of steam injection and temperatures was neces- 
sary to prevent either concentration or dilu- 
tion of the milk. 


All of the machines reduced the intensity 
of feed flavors in the milk. The flavor scores 
were improved as the intensity of the steam 
treatment increased. Vacuum treatment alone 
did not remove the feed flavor satisfactorily 
in all cases. Type III machines handled the 
average amount of feed flavors satisfactorily, 
but did not remove bitterweed, hydrolytic ran- 
cidity, and spoiled silage flavors. It has been 
used satisfactorily in removing volatile flavors 
from cream, chocolate milk, and ice cream 
mix. There was a reduction in viscosity, but 
no effect on whipping ability, feathering, 
cream plug, or serum layer. F. W. Bennett 
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95. The influence of the maximum tempera- 
ture rise in bulk tanks on milk quality. P. G. 
Van DemarK AND R. P. Marcu, Dept. of Dairy 
Ind., Cornell Univ., Ithaca, N. Y. J. Milk and 
Food Teehnol., 20, 12: 348. 1957. 

Raw milk held at 40, 50, and 60° F. showed 
no significant difference in total bacterial 
growth rates, or in thermoduric or psychro- 
philic counts. At 70° F. an appreciable total 
bacterial count was evident. Milk from every- 
other-day pickup deliveries showed no sig- 
nificant increases in bacterial counts as com- 
pared to every-day pickups. 

Harry H. Weiser 


96. The acid degree of milk obtained with 
pipeline and bucket milkers. R. G. JENSEN, 
A. C. Smiru, P. MacLeop, ann L. R. Down, 
Storrs Agr. Expt. Sta., Univ. of Conn. J. Milk 
and Food Technol., 20, 12:352. 1957. 

The acid degree values of milk samples ob- 
tained from bucket and pipeline milking sys- 
tems were determined after the milk was held 
at 4° C. for 72 hr. The acid degree values 
were markedly increased in the miik pro- 
duced via the pipeline system as compared to 
the bucket type milker. Harry H. Weiser 


97. Differentiation of chronic galactosemia 
and milk allergy in early childhood. R. E. 
WILHELM, Allergy Clinie, U. 8S. Army Hospital, 
Fort Knox, Ky. J. Allergy, 28, 5:401. 1957. 
Disturbances in children such as diarrhea, 
vomiting, abdominal distention, ete., that may 
be relieved by the withdrawal of cow’s milk, 
should not be diagnosed immediately as milk 


allergy. Failure of galactose metabolism in 
infants may initiate symptoms that mimic 


milk allergies. Urine analysis for galactose 
should be made immediately to prevent ir- 
reparable damage from the continued inges- 
tion of lactose. Galactosemia can occur from 
the feeding of human milk as well as cow’s 
milk formulas. Frank E. Rice 


98. Studies of the requirement for protein 
in infancy. S. J. Fomon anp C. D. May, Univ. 
Iowa Med. School, Iowa City. Am. J. Dis- 
eases Children, 94, 5:479. 1957. 

A preparation of cow’s milk containing less 
protein than ordinarily supplied in a cow’s- 
milk formula, but more than that contained 
in human milk, was used in this feeding ex- 
periment. Nitrogen retentions of babies on 
the test formula were compared with those 
of babies fed pooled human milk. Protein 
intake of babies fed the formula at 1 mo. 
averaged 3.2 g/kg/day and at 6 mo., 2.3 g. 
Nitrogen retentions were 190 mg/kg/day at 
1 mo. and 85 mg. at 6 mo. Nitrogen retentions 
of babies on human milk were 170 mg/kg/day 
at 1 mo. and 50 mg/kg/day at 6 mo. Protein 
intakes of the babies on human milk were not 
recorded, but they were assumed to be less than 
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those from the formula. The rates of growth 
of all babies were within normal limits. 
Frank E. Rice 
99. Comparison of prematures fed high- and 
low-protein diets. L. A. Barness, D. A. Cor- 
NELY, A. VALYASEVI, AND P. Gyorey, Univ. 
Pennsylvania Med. School, Philadelphia. Am. 
J. Diseases Children, 94, 5: 480. 1957. 

Premature infants were fed formulas con- 
taining either 1.5 or 4.1% protein. Serum 
proteins were higher, and blood urea nitrogen, 
nitrogen excretion, phenol excretion, and stool 
pH were lower, in those infants fed the low- 
protein diet. The rate of weight gain was 
slightly more rapid in the infants fed the 
high-protein formulas. 

The weight gains were considerably less 
than had the premature infant remained in 
utero during the same period of time. During 
the immediate prenatal period the infant gains 
at the rate of approximately 25 g. per day. 
In this study the gains were about 19 g. per 
day. Frank E. Rice 


100. The allergenically denatured diet in the 
treatment and prevention of food allergy. B. 
Ratner, Depts. of Pediatrics and Pediatrie 
Allergy, N. Y. Med. College, New York City. 
Am. J. Gastroenterology, 28, 2:141. 1957. 

Although food proteins may be allergeni- 
cally denatured by other agents, the most com- 
mon method is through the application of 
moist heat. Heat applied to protein in the 
dry form is less effective. In the manufacture 
of spray-dried milk, the antigenicity of the 
protein fractions is not altered. A relatively 
high heat exposure applied to dry milk also 
fails to reduce it. However, equal exposure 
to heat in the moist form, as in the sterilization 
of evaporated milk, effectively reduces the 
allergenicity of those protein fractions which 
are most frequently the cause of milk allergy. 
The sensitizing ability of the whey proteins 
is markedly less in heated milk as compared 
with raw milk, but there is only a moderate 
reduction in the allergenicity of the casein 
fraction. 

Data show that 75% of milk-sensitive chil- 
dren react to the lactoglobulin and lactalbu- 
min fractions and that only 25% are sensitive 
to the casein fraction. In the case of casein 
sensitivity a change to goat’s milk is not effee- 
tive, since the caseins of the two milks do not 
differ immunologically. However, this is not 
true of the whey proteins; therefore, some- 
times goat’s milk may be tolerated when al- 
lergenie reactivity is the result of the whey 
proteins of cow’s milk. Homogenization as 
applied to evaporated milk aids protein di- 
gestion and is a contributing factor in aller- 
genic denaturation. 

To prevent food allergy in children, the 
author recommended that during pregnancy 
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the mother should take part of her food in 
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denatured form, particularly when her appe- 
tite for that food becomes inordinate. In in- 
fancy, the feeding of denatured forms of milk 
and other foods is recommended. The latter 
is now a common practice among pediatricians, 
and has brought about a marked reduction of 
allergy to milk. Frank E. Rice 


101. Seborrheic dermatitis of infants and 
Leiner’s disease: A biotin deficiency. A. 
NIsENSON, Children’s Hospital, Univ. Southern 
Calif. Med. School, Los Angeles. J. Pediat., 
51, 5:537. 1957. 

Biotin deficiency is the cause of seborrheic 
dermatitis, and of Leiner’s disease, which is 
related. The infant depends on its food as a 
source of biotin, and also on that supplied by 
intestinal bacteria, primarily Escherichia coli. 
The disease has been observed frequently in 
breast-fed babies, particularly in Europe. In 
such eases the mothers’ diets were deficient 
in biotin. A number of cases were observed 
where infants had been fed cow’s-milk for- 
mulas. In such instances, diarrhea or other ab- 
normal conditions may have inhibited the 
growth of the biotin-producing bacteria in the 
alimentary canal and hindered the absorption 
and use of the biotin normally present in cow’s 
milk. Rapid recovery occurred in all infants 
with seborrheic dermatitis and Leiner’s dis- 
ease after administering biotin to the infant 
directly. In the case of breast-fed infants, 
recovery occurred when the diet of the mother 
was altered to include the biotin-rich foods 
such as liver, egg yolk, kidney, and yeast. 

Frank E. Rice 


102. Milk allergy. I. Observations on inci- 
dence and symptoms in “well” babies. K. D. 
BacHMAN AND S. C. Dregs, Dept. of Pediatrics, 
Duke Univ. School of Med., Durham, N. C. 
Pediatrics, 20, 3:393. 1957. 

Records were kept on 403 well, full-term 
babies during their first 3 mo. of life. At the 
end of one year, 360 babies were still under 
observation. An infant was considered to be 
allergic to cow’s milk only when ingestion of 
small amounts of milk was regularly followed 
by eezema, hives, asthma, or noninfectious 
rhinitis, or by gastrointestinal symptoms or 
behavior patterns which were definitely ab- 
normal in the settings in which they occurred. 
(Such reactions must be reproducible on re- 
peated exposures, and absent in periods when 
there is no contact with milk.) 

During the first month, 99 of the babies were 
breast-fed exclusively, 41 had breast-milk plus 
evaporated-milk supplements, and 263 had an 
evaporated-milk formula. Only four infants 
out of the total were definitely allergic to 
cow’s milk. Seratch tests using cow’s milk, 
bovine lactalbumin, and casein were not re- 
liable as proof of allergy; neither were minor 
skin eruptions, colic, erying, nasal stuffiness, 
wheezing, etc., reliable proofs. There was no 
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correlation between true milk allergy and a 
history of allergy in parents. 

The authors conclude that their finding of 
about 1% of normal infants with true milk 
allergy is more nearly representative of the 
general population than the higher percent- 
ages reported in the literature by certain other 
physicians. The authors believe that on too 
many occasions physicians have incorrectly 
diagnosed cases as milk allergy as a result of 
misleading symptoms. Frank E. Rice 


103. Milk allergy. II. Observations on inci- 
dence and symptoms of allergy to milk in al- 
lergic infants. K. D. BACHMAN AND 8. C. DEEs, 
Dept. of Pediatrics, Duke Univ. School of 
Med., Durham, N. C. Pediatrics, 20, 3:400. 
1957. 

In contrast to the study on normal babies 
reported above, this paper reports observations 
on 172 infants, presumably allergic, referred 
to the authors for consultation during a 2-yr. 
period. Of these, only 109 cases were finally 
diagnosed as definitely allergic, and 33 of 
these were found to be allergic to cow’s milk. 
It was impossible to correlate incidence of 
milk allergy to dietary history of the infants, 
because of the frequent changing of formulas 
that these babies had experienced and because 
of the variability in reliability of information 
obtained from the parents. The allergy most 
frequently involved the gastrointestinal tract 
and the skin. In no case was there a severe 
anaphylactic reaction such as shock, convul- 
sions, ete. The authors conclude that among 
allergic children under 2 yr. of age, about one 
in three is sensitive to cow’s milk. 

Frank E. Rice 


NUTRITIVE VALUE OF DAIRY 
PRODUCTS 


104. Trends and advances in infant nutrition. 
P. GyorGy, Dept. Pediatrics, Univ. of Pennsyl- 
vania, Philadelphia. West Virginia Med. J., 
53, 4:131. 1957. 

The author proposes that there are demon- 
strable nutritional values in human milk not 
to be found in a cow’s-milk formula. The 
Bifidus Factor of human milk that promotes the 
growth of Lactobacillus bifidus in the intesti- 
nal tract is being investigated. It is an un- 
dialyzable, high-molecular compound in the 
nature of a mucopolysaccharide. The factor 
is found in human and rat colostrum. Cow’s 
colostrum also is fairly active, but not the 
mature milk of the cow or of other ruminants. 
Various epithelial secretions such as gastric 
juice and saliva have been found to contain 
Bifidus Factor. 

Allergy to cow’s milk is “extremely rare” 
in the experience of the author. Cutaneous 
manifestations that “come and go” should not 
be considered to be of toxic origin. The intro- 
duction of a cow’s-milk formula may at times 
produce some digestive symptoms as the result 
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of inefficient synergistic action of enzymes, or 
to peristalsis and absorption, that could be 
diagnosed as allergy. In the overwhelming 
majority of such eases, the cautious introduc- 
tion of cow’s milk may overcome completely 
the initial difficulty. The replacement of cow’s 
milk by substitutes such as soy bean prepara- 
tions can be especially harmful. Where it ap- 
pears to be necessary, the period of milk-free 
nutrition should be kept as short as possible. 
Frank E. Rice 


105. A reassessment of the processing of in- 
fant formulas. H. K. Sinver anp M. D. Fov- 
sEK, Yale Univ. and Univ. of Colorado. Am. 
J. Diseases Children, 94, 5:564. 1957. 
Although there is an extensive literature on 
infant formula preparation in hospital nur- 
series, very few studies have concerned them- 
selves with the processing of formulas in the 
home. Two methods are now commonly being 
recommended by physicians: The terminal 


heating method consists of measuring and 
mixing the various ingredients in clean but 
not sterilized equipment, then heating the as- 
sembled formula units for 25 min. in boiling 
water. In the aseptic method, the equipment 
and mix-mixture are boiled separately, and the 
milk is then added to the clean bottles with 
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the use of aseptic technique. Tests were made 
of the efficacy of the two methods on uninocu- 
lated and inoculated milk formulas. After 
processing, the various formulas were stored 
at 40° F., at 68-75° F., and at 98.6° F. 

It was coneluded that the terminal method is 
safer, more convenient, and more rapid. The 
aseptic method is safe if carried out correctly, 
but there is a greater hazard of breaks in 
technique. A bottle containing the terminally 
heated formula, properly prepared and stored 
at a temperature of 40° F., remains bacteri- 
ologically safe for at least three days, but is 
not safe for more than 6 hr. at room tempera- 


ture and above. 
Frank E. Rice 


SANITATION AND CLEANSING 


106. Apparatus for cleaning of pipelines for 
milk and the like. S. J. EruinG (assignor to 
Aktiebolaget Separator). U.S. Patent 2,818,076. 
5 elaims. Dee. 31, 1957. Office. Gaz. U. S. Pat. 
Office, 725, 5:882. 1957. 

A pipeline for milk or other liquids of a 
perishable nature is cleaned by flushing with a 
cleaning solution forced through it by injec- 
tion of a gas under pressure. 

R. Whitaker 
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Bacto-Dehydrated Media 
for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition of 
specified increasing amounts of the vitamin or amino acid 
being assayed to obtain a growth response which may be 
measured by acidimetric or turbidimetric methods for the con- 
struction of standard curves. The vitamin or amino acid con- 
tent of the material under assay is determined by addin 
appropriate concentrations of the test substance to the hneal 
medium and comparing the growth response obtained with 
that of the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-CHOLINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY MEDIUM 
BACTO-B 3g ASSAY MEDIUM USP BACTO-METHIONINE ASSAY MEDIUM 
BACTO-CS VITAMIN By2 AGAR BACTO-LYSINE ASSAY MEDIUM 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 


BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
BACTO-CYSTINE ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 


organisms and ng ay the inoculum for microbiological 
assay is important. ollowing media have been developed 


especially for carrying stock cultures and for preparation of 
the inoculum: 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-Bi2 CULTURE AGAR USP 
BACTO-MICRO INOCULUM BROTH BACTO-Bj2 INOCULUM BROTH USP 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO acips, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 


Descriptive literature available upon request 
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